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Every one at all conversant with the 
working of boilers is aware that when they 
are allowed to run short of water, the fur- 
nace crowns are apt to become overheated, 
the plate to be bulged downwards or other- 
wise distorted by the pressure of the steam, 
and in many cases to be rent, from which 
cause explosions frequently arise. This is 
admitted on all hands, and the rationale is 
so simple that the whole must be at once 
apparent. 

It is not, however, by any means so gene- 
rally known that furnace crowns may be 
overheated and bulged out of shape—suffi- 
ciently so in some cases to cause an explo- 
sion—even when they are covered with an 
ample supply of water. Such, however, is 
unquestionably the fact, and I wish specially 
to call attention to the subject on the present 
occasion. 

Overheating of boiler plates when covered 
with water has been found to arise from two 
causes—one, the too local action of an in- 
tense fire, the other the character of the 
feed-water. 

Injury from intense firing sometimes 
occurs to boilers heated by the flames pass- 
ing off from separate furnaces constructed 
of fire brick, as in the case of puddling fur- 
naces at iron works, when the flames are too 
frequently allowed to impinge directly upon 
the boiler, in consequence of which steam is 
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generated so rapidly that the water is driven 
off from the plates, and overheating ensues. 
This is more especially the case where the 
heating surface is a vertical one, so that the 
steam on rising forms a separate film be- 
tween it and the water. Two explosions 
resulting from this cause may be referred 
to. One of these occurred at an iron works 
on the 9th of February, 1865, to an exter- 
nally fired boiler of the upright furnace 
class, heated by the flames passing off from 
two puddling furnaces, as well as from a 
large fire grate. The particulars of this 
explosion were given in the Association’s 
“Monthly Report” for February, 1865. 
Another explosion of a similar character 
occurred on the 7th of February, 1866, to a 
plain cylindrical egg-ended boiler, heated 
by the flames passing off from a mill furnace 
at a works employed in the manufacture of 
angle iron. Details of this explosion will 
be found in the Association’s ‘“ Monthly 
Report” for February, 1866. 

It is desired, however, on the present 
occasion to call attention more especially to 
those cases in which overheating of the 
plates, whether in externally or internally 
heated boilers, has occurred simply through 
the character of the feed-water, and not 
from any peculiarity in the mode of firing. 
The feed-water which is found to be more 
particularly productive of overheating is 
highly impregnated with carbonate of lime. 
It forms but little scale, and that seldom 
thicker than an egg shell, though perhaps 
in some cases it may be nearly equal to one- 
eighth of an inch. It deposits, however, a 
good deal of fine flour or dust, which is 
generally of a lightish color. As this dust 
is quite loose, a good deal of it is floated 
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away with the water when the boiler is | tion was the least violent, and thus not on 
emptied, while the remainder is readily | the furnace crowns of internally fired boilers, 
washed out, so that on account of the ease | Possibly this fine floury deposit, by thicken- 
with which it is removed, and the light /ing the water, interferes with the due escape 


character of the scale, it frequently escapes 
attention. If grease be introduced into 
boilers in which this deposit is formed, the 
furnace crowns are found to give way, the 
plates to bulge downwards, and leakage to 
take place at the seams of rivets. The dis- 
tortion of the furnace plates, however, does 
not, as a rule, take place suddenly; on the 
contrary, the crowns come down very gradu- 
ally, progressing little by little day after 
day, though hard firing in many cases has 
an immediate influence. Grease is intro- 
duced into boilers in various ways. The 
feed-water is frequently heated by blowing 
the exhaust steam from the engines upon it, 
so that the grease in the cylinders is carried 
with the feed-water into the boiler, while, 
in addition, the discharge taps from the 
cylinders sometimes blow into the cistern 
from which the feed-pump draws, so that 
the boiler gets all the engine sewage. Blow- 
ing the exhaust steam upon the feed-water 
has another effect beside the introduction of 
grease. It is sometimes lost sight of how 
much of the deposit formed within boilers is 
lifted out of the water by the steam and 
carried through to the engines, and thus 
disposed of either through the exhaust pipe 
in high-pressure engines, or in the hot well 
in low-pressure ones. .When, therefore, the 
exhaust is blown upon the feed-water, this 
deposit is returned to the boilers, and a 
constant accumulation takes place, more 
especially if blowing out be neglected. 
That the steam lifts the deposit, and carries 
it along with it, is clear from the fact that 
it is frequently manifested at the glands 
and other parts of the engines, and also is 
heaped up in the steam dome when there is 
a shelf on which it can accumulate. These 
shelves are formed when the shell plate at 
the base of the dome is not cut away to its 
full size. This forms an eddy in the current 
of the steam, and leads to the deposit being 
dropped on the shelf plate, as just stated. 
With regard to the manner in which this 
floury deposit affects the plates over the fire 
and leads to their injury, it does not appear 
to be necessary to suppose that this deposit 
becomes heaped upon the plates in order to 
lead to their overheating. It is doubtful 
whether it settles at all as long as the 
boiler remains in active work; while, were 
it to do so, it would settle where the ebulli- 











of the globules of steam, so that they are 


kept longer in contact with the plates over 
the fire than they should be, and thus the 
intimate contact of the water with the plates 
becomes interrupted, and overheating is 
produced. This may perhaps be illustrated 
in the following way: Clear water placed in 
a clean saucepan may be briskly boiled over 
a fire without foaming over, but if a little 
meal be dropped into it, or the water ex- 
changed for milk, the globules of steam are 
no longer able to escape freely, and in their 
struggle they upheave the whole mass, and 
vomit a portion of it into the fire. Such is 
thought to be somewhat the action that 
takes place within a boiler charged with this 
fine floury deposit. The globules of steam 
imprisoned in the water lift it from the 
plates in their struggle to escape, and thus 
gradual overheating takes place in propor- 
tion to the character of the water and the 
intensity of the fire. 

I am not desirous, however, of entering 
too minutely upon the precise manner in 
which this floury deposit leads to the over- 
heating of the plates; suffice it to say that 
the results are indisputable, that numbers 
of boilers have been injured by it, and what- 
ever may be the precise modus operandi, it 
appears to have the power of preventing 
that intimate contact of the water with the 
plates which is essential for carrying off the 
heat with sufficient rapidity, so that although 
they may not be made red hot, yet they be- 
come sufficiently overheated to lose a por- 
tion of their tenacity, when bulging under 
pressure ensues. Numerous instances of 
this have come before my notice, the par- 
ticulars of some of which may now be 
given. 

No. 1. The first of the cases that may be 
referred to was met with about the close of 
1862, and occurred to a boiler fed froma 
well sunk near the river Mersey, in the 
neighborhood of Birkenhead. The boiler 
was of the ordinary Lancashire class, having 
two furnace tubes in which the fires were 
placed, while its length was about 20 ft., its 
diameter 6 ft. 6 in. in the shell, 1 ft. 105 
in. in the furnace tubes, and the load upon 
the safety-valve 40 lbs. per square inch. 

This boiler had been*found to give way 
again and again at the furnace crowns, the 
plates bulging down out of shape, and re- 
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ated repairs had taken place in conse- 
quence. The plates over the fires had been 


taken out and renewed with those of Low- | 


moor iron, which had every appearance of 
being of first-rate quality. Also each of the 
furnace crowns had been lashed to the top 
of the shell by three vertical stay rods, but 
the plates persisted in bulging downwards 
notwithstanding, and came down between 
and all round the points of support, as will 
be seen on consulting the accompanying cut, 
Fig. 1. 


Fig. 1. TRANSVERSE SECTION. 


Under these circumstances I was request- 


ed to examine the boiler and advise the | 
owners as to what had better be done. Im-| 


mediately on drawing off a little water from 
the glass water gauge I attributed the in- 
jury that had occurred to the furnace crowns 
to the fine deposit contained in the feed- 
water, and recommended a scum trough for 
blowing out from the surface of the water, 
in order to rid the boiler of this deposit. In 
answer to inquiries the owners did not think 
they were admitting any grease to the 
boiler, and had such confidence in the feed- 


water, which appeared so clear before it was | 
pumped into the boiler, that I was unable | 


to persuade them to adopt the simple expe- 


dient of a surface blow-out apparatus. One | 
cause after another was assigned for the | 


injury, and it was supposed that as the 


boiler was worked night and day, that the | 


water supply had been allowed to run short 
at night time, and that the deflection of the 


were laid bare with the fires still in, and 
thus became overheated. In confirmation 
of this it was stated that it had been fre- 
quently observed on setting to work on 
Monday mornings, that these deflections had 
been increased, so that the chain of evidence 
was supposed to be complete. It was soon 
found, however, that the bulging was too 
persistent to be accounted for in this way, 
and the owners, rather than adopt the sim- 
ple expedient of putting in a scum trough 
for blowing out the deposit, which there is 
little doubt would have remedied the evil, 
resolved on condemning the boiler altogether 
and on putting in a new one. 

The new boiler was of larger dimensions 
than the old one, the diameter being 7 ft. in 
the shell instead of 6 ft. 6 in., and 2 ft. 74 
in. in the furnace tubes instead of 1 ft. 103 
in., while the tubes were strengthened at 
the ring seams of rivets with encircling 
hoops, which had not been the case in the 
old boiler. With this new boiler, though 
not fitted with a surface blow-out apparatus, 
‘the same difficulty was not experienced as 
with the old one, which arose from the fact 
\that the superior size of the new boiler 
‘enabled it to do its work more easily than 
the other, and thus with more gentle firing. 
As long, however, as the feed is of the same 
character as it was in the other boiler, the 
same tendency remains, and it will dnly be 
| necessary to make the new boiler do as much 
work for its size as the old one did to lead 
to the furnace crowns being again disturbed, 
though doubtless they would derive consid- 
'erable assistance from the encircling hoops, 
so that but little bulging of the plates might 
take place, though leakage would occur at 
the seams of rivets. 
| In this case the water was not analyzed, 
as it was on subsequent occasions, but it 
may be stated that it left a fine floury de- 
posit of a very similar character to the cases 
mentioned below, and which were found to 
consist of from 70 to 80 per cent of carbon- 
ate of lime. 

No. 2. Another very similar case of the 
‘failure of furnace crowns was met with in 
| May, 1866. It occurred in the neighbor- 





plates was due to a series of minor neglects | hood of London, to a Cornish boiler fed with 
of this character. On one occasion the | the New River Company’s water. 

owners felt sure they had at last detected This boiler, I was informed, had failed at 
the source of the mischief. They discovered | the furnace crowns, and repeated repairs 
that the fireman, anxious to get away quickly | been resorted to. These, however, had such 
on the Saturday evening, had started to blow | little effect that one boiler after another had 
off his boiler before he raked out the fires, | been laid down, till some three or four boil- 
in consequence of which the furnace crowns | crs had been ruined in the course of three 
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years; while one of the boilers had received 
a new flue tube. Added to this, experi-| 
ments had been tried by altering the steam | 
dome, and, altogether, the owner informed | 
mé, the affair cost him £700. Disheartened | 
with these repeated failures, he was per- 
suaded to exchange the internally fired | 
boiler for an externally fired one, with a cou- 
ple of return tubes running through it, which | 
he had just laid down at the time of my visit. | 
On making an examination of the boiler 
I found that it contained a good deal of fine 
floury deposit of a light color, and that the 
feed-water was heated by the injection of 
the exhaust steam from the high-pressure 
engines, so that the grease from them passed 
through into the bellee. I called the own- 
er’s attention at once to these facts, and ex- 
plained to him that these were the causes of 
all the trouble he had experienced. He 
urged by way of objection that prior to the 
last three years the boiler had worked for a 
eonsiderable time with the same water, and 
with the feed heated by the exhaust steam, 
without giving trouble, and therefore argued 
that the fault couid not be with the water 
or with the grease discharged from the en- 
gines. This objection appeared at first sight 
difficult to meet, but on inquiry it was found 
that about three years before then the work 
became too severe for the engine, when its 
power had been doubled by the addition of 
a new cylinder, which gave the boiler more 
work to do, and necessitated its being more 
severely fired. This at once made the whole 
matter plain. The tendency had existed all 
along, but had not been developed till the 
fires were pressed. 
The following is an analysis of the deposit 

in question : 

Carbonate of lime 

Carbonate of magnesia ........ oe 

Oxide of iron and alumina 

Organic matter 

Sand silica alumina 


N. B.—This was a fine dry powder of a 
slate color, difficult to wet with water. 

It will not escape observation that this 
floury deposit contained as high an amount 
of carbonate of lime as 73 per cent, and, 
simple as it appears, it was through the 
presence of this fine flour or dust that the 
four boilers referred to above were ruined, 
and the expenditure of £700 incurred.* 








* From a table compiled by J. Atfield, F.C.S., 
Demonstrator of Chemistry at St. Bartholomew’s 


In the new boiler a good surface blow-out 
apparatus was adopted, and the boiler was 
frequently blown out at the bottom as well 
as from the surface of the water. This 
proved sufficient to remove the difficulty, 
though the credit was wrongly given to the 
change from the internally fired boilcr to 
the externally fired one. Externally fired 
boilers are effected by this description of 
feed-water as well as internally fired ones, 
which will be seen from the next case of 
inquiry. 

No. 3. A third case was met with in 
June, 1867, at a colliery in the neighbor- 
hood of Ruabon, North Wales. In this in- 
stance six new plain cylindrical egg-ended 
externally fired boilers failed within six 
weeks after they were set to work, giving 
way at the plates over the fire. These boil- 
ers were 5 ft. 6 in. in diameter, 36 ft. long, 
made of plates three-eights of an inch in 
thickness, and worked at a pressure of 40 
lbs. per square inch. The owners threw the 
blame of the failure of these boilers on the 
makers, attributing it to the quality of the 
plates or workmanship, and consequently a 
dispute arose, and I was requested to make 
an examination. On doing this I found 
that the plates over the fire were of Low- 
moor iron and of good quality, and that the 
fault did not rest with the boilers but with 
the feed-water, which formed, as in the pre- 
vious instance, a fine floury deposit, consist- 
ing to a great extent of carbonate of lime, 
while it was heated by the exhaust steam 
from the engines, and thus charged with 
grease, in consequence of which, as in the 
previous cases, the plates over the fire had 
been overheated and bulged down out of 
shape, while, in addition, leakage had taken 
place at the seams of rivets. ‘he manager 
was unwilling to accept so simple an expla- 
nation of the difficulty, though he had pre- 
viously received a similar opinion from 
another engineer, and been advised that he 
must either change the feed-water or give 
up heating it with the exhaust steam, so as 
to prevent the introduction of grease to the 
boilers. Though ridiculing the recommenda- 
tion, he had nevertheless diverted the ex- 
haust steam from the feed-water, when he 
found that the result justified the explana- 





Hospital, it appears that the New River Company’s 
water, with which this boiler was fed, contains 19.78 
grains of solid matter per gallon. Also that the 
amount of carbonate of lime is greater than that of 
any other ingredient, and equals 7.82 grains per 
gallon. 
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tion given and remedy proposed. Time show- 
ed that overheating did not recur, and the 
boilers worked on without further trouble. 
‘The following is an analysis of the deposit 

formed within these boilers, and which, I 
believe, was taken from them before the 
arrangement for heating the feed by the 
exhaust steam was given up, so that at that 
time grease was admitted : 

Carbonate of lime ......... eeeee 

Sulphate of lime 

Carbonate of magnesia ........ 

Oxide of iron and alumina 

Insoluble matter (sand, &c.)..... 

Organic matter ° 


N. B.—This sediment was a white powder 
and smeled of tallow. By digestion with 
ether, grease was extracted and collected. 

The following is another analysis of the 
deposit taken from these boilers subsequently 
to the last specimen, and after the practice 
of heating the feed-water with the exhaust 
steam had been discontinued, when the 
boilers were fed with cold water: 

Carbonate of lime 

Sulphate of lime 

Carbonate of magnesia ......... ° 
Oxide of iron and alumina 
Insoluble matter (sand, &c.)..... 
Organic matter 


N. B.—The organic matter did not con- 
tain grease. 

It will be observed the grease was de- 
tected when the feed-water was heated by 
the exhaust steam, but not after that prac- 
tice was discontinued. 

In addition to the above, further analyses 
were made at a later date, both of the fine 
floury deposit and of the scale: 


Fioury Deposit. 


Carbonate of lime 
Sulphate of lime 
Carbonate of magnesia .... 
Oxide of iron and alumina 


ScALE. 
Carbonate of lime ....... onees 
Sulphate of lime ..... evcccce 
Carbonate of magnesia .......+0 
Oxide of iron and alumina 
Sand & 





The following is an analysis of the water 
with which these boilers were fed: 
The total solid matter left on evaporating 
a portion of the water amounted to 45.15 
grains per gallon. This consisted of— 
Grains 
per gallon. 


Carbonate of lime .....-.-ccccee 25.75 


Sulphate of lime..... eeccecccese 
Sulphate of soda ........ eecccce 
Common salt 

Carbonate of magnesia .......... 
Organic matter and loss 


NotE.—The carbonates of lime and mag- 
nesia are kept in solution by the presence of 
free carbonic acid. If this is neutralized 
by the addition of lime, a portion is precipi- 
tated. By this means nearly one-half the 
total matters in solution may be removed. 
Also in boiling the water, before evapora- 
tion commences, a portion is precipitated. 

From the above analyses the high propor- 
tion of carbonate of lime will be seen in 
each case: 

Analysis No. 1 gave—Carbonate of lime.... 75.26 
No, 2 gave—Carbonate of lime.... 84.10 
No. 3 gave—Carbonate of lime.... 80.00 

Mean result "79.78 per cent. 

From this it appears that the mean result 
was nearly equal to 80 per cent of carbon- 
ate of lime contained in the fine floury de- 
posit. 

It should be added that at the same col- 
liery there was another range of plain cylin- 
drical externally fired boilers, which had 
been working for a number of years without 
failing as the new ones had done. The 
manager, therefore, pointed to this fact in 
support of his view that the new boilers 
were at fault and not the feed-water, since 
the feed-water appeared to him to be as 
good in one case as in the other. To settle 
this question an analysis was made of the 
water with which the old range of boilers 
were fed, as well as of the deposit formed 
within them, in order that a comparison 
might be instituted, when the following was 
found to be the result : 

SEDIMENT. 


Carbonate of lime.... esceseces 
Sulphate of lime. ....4.seeeeeees 
“Magnesia ....... 
Oxide of iron and 


22.00 
63.78 
14.07 

(06 

100.00 


eeeeeeree 


alumina 





*This would be equivalent to 20.17 carb. magnesia, 
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ScaLe. 
Carbonate of lime 
Sulphate of lime 
Carbonate of magnesia 
Oxide of iron and alumina 


The following is an analysis of the water : 
A portion of the water evaporated to dry- 
ness, left a residue amounting to 90.3 grains 


per gallon. This contained— 
Grains 


Carbonate of lime 
Sulphate of lime 
Sulphate of soda 
Common salt 

Carbonate of magnesia 
Magnesia 

Organic matter and loss 


N. B.—As this water is concentrated by 
evaporation it becomes alkaline. 

The addition of lime gives a precipitate 
amounting to nearly one-third the total mat- 
ter in solution. 

Boiling the water causes no precipitate. 
There was a deposit of organic matter at 
the bottom of the jar which contained the 
water. 

The results of the analyses of the feed- 
waters of the new and old ranges of boilers, 
as well as of the sediment, will be the more 
easily compared on reference to the follow- 
ing table: 

New Borters WHICH FAILED AFTER SIX WEEKS’ 
WORKING. 


Percentage of carbonate of lime in fine floury 
deposit.......... Kctumtbecen ee eeaseens 
Grains of carbonate of lime in a gallon of 


79.78 


Otp BoILeRs WHICH WORKED FOR YEARS. 

Percentage of carbonate of lime in fine floury 

deposit...... ghGubeh tenveneccesens eses 22. 
Grains of carbonate of lime in a gallon of 

‘ 15 

From this table it will be seen how differ- 
ent were the characters of the waters by 
which the two ranges of boilers were sup- 
plied, and how much more carbonate of lime 
was contained in the one that fed the new 
boilers, which failed after six weeks’ work, 
than in the one which fed the old boilers 
that worked on for years, while it corrobo- 
rates the view that the failure of the new 
boilers was not due to their material or 
workmanship, but to the fine floury deposit 
formed by the feed-water, 





No. 4. The fourth case of injury to fur. 
nace crowns through the use of a feed-water 
forming a fine floury deposit, came under my 
notice in August, 1867, and occurred in the 
neighborhood of Lancaster, to a range of 
three Lancashire boilers measuring about 
28 ft. in length, 7 ft. in the diameter of the 
shell, and 2 ft. 74 in. in that of the furnace 
tubes, which were strengthened with T iron 
hoops at each of the ring seams of rivets, 
while the blowing-off pressure was about 60 
Ibs. per square inch. [In this case, though 
the feed-water was drawn from a neighbor- 
ing stream, which was perfectly clear to the 
eye, these boilers were found to give re- 
peated trouble at the furnace crowns, the 
plates bulging down, and the ring seams 
straining and leaking. 

The fault had erroneously been attribated 
to the construction of the boilers, in conse- 
quence of which the encircling hoops had 
been removed and the furnaces renewed with 
ordinary lap riveted plates. This alteration 
was clearly in the wrong direction, and the 
plates soon bulged, and the seams soon 
leaked again as badly as ever. 

The acvompanying cut, Fig. 2, will show 
the nature of the distortion of the furnace 
crowns in this case. 
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At this juncture I was requested to make 
an examination, and on getting inside one of 
the boilers, found that it contained a con- 
siderable quantity of light floury deposit, 
very similar to that met with on previous 
occasions, and already described, while in 
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addition the feed-water was heated by the 
exhaust steam from the engines, and thus 
charged with grease. Though a surface 
blow-out apparatus was fixed to these boilers, 
it was quite neglected, the connection be- 
tween the internal collecting trough and the 
scum tap being broken off, so that it was 
rendered useless, while the boilers altogether 
had been very carelessly looked after. 
These facts were faithfully reported to the 
manager of the works, coupled with the re- 
commendation that the practice of heating 
the feed-water by the injection of the ex- 
haust steam should be at once discontinued. 
But this view of the case by no means proved 
aceptable. The manager was resolved to 
have the boilers condemned, and not their 
treatment, or that of the feed-water. The 
follwing analysis, however, of the feed- 
wate and sediment formed by it, shows how 
simiar they were in character to the previ- 
ous «ases referred to: 


SEDIMENT. 
Carbonate of lime 
Sulphate of lime..... kovne haan 
Qrbonate of magnesia 
Ipn-peroxide, alumina 
Slica-sand 


100.000 


N.B.—The volatile matter seemed to be 
of at oleaginous nature, and could not well 
be e¢imated. 

Grains 
WATER. per gallon. 
(arbonate of lime 
julphate of lime 
farbonate of magnesia 
thloride of sodium 


Ttal residue, 20.440. Hardness before 


boilng, 13.5°. Hardness after boiling, 4.5°. 
XN B.—The water was clear, slightly acid, 
andcontained but a trace of iron. It has 
no sarticular solvent action on iron. 
Jooking at the above analysis, there can 
be no question that the character of the 
feedl-water and the introduction of grease, 
copled with the practice of allowing the 
sedment to accumulate in large quantities 
inthe boilers, was the cause of the injury 
tothe furnace crowns, as in the cases previ- 
owly referred to; while it may be added in 
emfirmation, that after examining these 
bilers I was informed that one, if not more, 
d the fusible plugs had been blown out, 
hough covered with water at the time, which 
8 a clear evidence that overheating had 





taken place. Trying, however, as the feed- 
water was in this instance, the injury to the 
furnace crowns would have been materially 
reduced, and probably avoided altogether, 
had the apparatus for blowing out from the 
surface of the water been kept in good order 
and regularly used. 

It may also be stated that at the time of 
my visit I strongly urged that the boilers 
should be gently fired, since, under the cir- 
cumstances, hard firing might bring the fur- 
nace crowns down in two hours. 1 had but 
just returned to Manchester when the man- 
ager wrote me that another of the boilers 
had failed at the furnace crowns, and the 
works in consequence were at a standstill. 
Hard firing is an important element in these 
ceases of injury to furnace crowns with waters 
containing this fine floury deposit. 

No. 5. The fifth case which may be re- 
ferred to, occurred in Sunderland, to a boiler 
of the patent double-furnace conical water 
tube class, and my attention was called to it 
in January, 1868. This boiler had been 
found to fail repeatedly at the plates and 
seams of rivets in the furnaces, in conse- 
quence of which frequent repairs had been 
had recourse to, and, supposing that the in- 
jury to the boiler was due to expansion of 
the parts, and to too much rigidity, a hoop 
of bridge rail or horse-shoe section had been 
worked out of Lowmoor iron, and introduced 
at one of the ring seams of rivets in each of 
the furnaces, in order to give elasticity. 
This, however, proved of no avail, the fur- 
naces again gave trouble and bulged inwards, 
when some strong stays, lashing the furnaces 
to the shell, were put in, somewhat as in the 
case of No. 2, and as illustrated in Fig. 1. 

At this juncture the owner of the boiler, 
who was a corresponding member of this As- 
sociation, saw me with regard to it, and 
from his sketch of the shape in which the 
furnaces had given way, the case appeared 
very similar to those already mentioned, 
while it turned out on inquiry that the feed- 
water contained a good deal of carbonate of 
lime, and that it was heated by the exhaust 
steam, and thus received the engine sewage. 
I laid the facts of the previous cases before 
the owner of the boiler, and on his return 
he had the feed water changed, when the 
bulging of the furnace crowns ceased, while, 
it may be added, that he found on reference 
that the difficulty with the furnace crowns 
had commenced with the use of the feed- 
water in question, so that this afforded a 
double proof of the cause of the injury. 
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No. 6. The sixth case which may be men- 
tioned, and to which my attention was first 
drawn about March, 1868, gave as much 
perplexity as any one of them. 

It occurred to an ordinary Lancashire 
boiler in the neighborhood of Manchester, 
while the feed-water, which was drawn from 
a well sunk on the premises, was heated by 
the exhaust steam from the engine. The 
boiler measured about 24 ft, in length, 6 ft. 
9 in. in the diameter of the shell, and 2 ft. 
8 in. in the furnace tubes, while it was 
worked at a pressure of about 55 lbs. on the 
square inch. This boiler had been origi- 
nally constructed for experimental purposes, 
in consequence of which some steam pipes 
from 10 in. to 12 in. in diameter were car- 
ried through it from one end to the other, 
which thus served as longitudinal stays to 
the end plates. As these complicated the 
boiler they were removed, and gusset stays 
substituted for them. 

Shortly after this the furnace crowns were 
observed to leak. Whether this had com- 
menced before the removal of the pipe stays 
just referred to, or not, is difficult to ascer- 
tain; at all events, the owner attributed the 
difficulty with the furnace crowns to the re- 
moval of these pipes and the introduction 
of gussets in their place. This clearly, 
however, had nothing to do with it, though 
it was not very apparent what was the real 
cause. After repeated minor repairs, how- 
ever, were found useless, the furnace tubes 
were taken out altogether, the front half of 
them entirely renewed and strengthened at 
two of the ring seams of rivets with T iron 
hoops, while the front end plate of the boiler 
was also renewed. 

The manner in which the repairs were ex- 
ecuted appeared on examination to be satis- 
factory, nevertheless the boiler only worked 
on a few weeks before leakage again com- 
menced, A consulting engineer was then 
called in, who gave it as his opinion that the 
fault was in the workmanship, and that the 
overlaps had not been well drawn up. The 
defective seams were therefore again re- 
paired, the old rivets cut out, the holes rim- 
ered, and fresh rivets put in. 

Just at the time that the boiler was re- 
started, a number of practical working 
boiler-makers had a meeting, and discussed 
the cause of the continued and mysterious 
leakage that had occurred to this boiler. 
One of them strongly objected to the encir- 
cling hoops, and to these he attributed all 
the injury, stating that he had a similar 





boiler under his charge, which was never out 
of trouble, but always leaking and needing 
repair; while he considered such a boiler was 
as good as an annuity to the boiler-mender, 
and that the man who was charged to keep 
the one under consideration in order, would 
never be in want of a job. At length the 
meeting unanimously resolved that encir- 
cling hoops prevented any expansion of the 
furnaces, and that it was against all the 
known laws of nature for boilers constructed 
in this way to keep tight; and further, thit 
within three weeks leakage would set in 
again, and the works wonld have to oe 
stopped for further repairs. This decison 
was communicated to the owner of he 
boiler, and surely enough, within the ap- 
pointed time the boiler commenced to eak 
once more. At this the owner was aiite 
disheartened, and regretted that he had not 
had the boiler entirely renewed rather shan 
repaired. 

In a long conversation with the ownr at 
this juncture, it transpired incidentall: that 
when his men first got into the boiler after 
letting off the water, they found someloose 
fine dusty deposit within it, when it atonce 
occurred to me that this case might b: sim- 
ilar to the others previously recorded i this 
report. This had not been suspected bfore, 
since the furnace crowns were not bilged 
out of shape, but merely strained a the 
seams of rivets; while in answer to nqui- 
ries it had been stated that the depositalto- 
gether was of a very inconsiderable and 
trivial character. I therefore explaind to 
the owner my suspicion that all the trable 
he had experienced was due to the eed- 
water, and recommended him at all events 
to give the boiler a trial with the Manhes- 
ter town’s water, instead of that drawn rom 
the well, a recommendation, it may bead- 
ded, that had already been made, s a 
matter of precaution, but had not leen 
thought worthy of adoption. Thougl he 
had no faith in the remedy proposed, it vas 
so simple that he consented to try it. “he 
boiler was at once washed out, and the rxt 
morning started to work with the town’s 7a- 
ter. From that day the trouble was ovr. 
The boiler worked on satisfactorily for sv- 
eral weeks, and after being slightly caulkd 
so as to remove the effects of the old lex- 
age, it was perfectly sound ; and though te 
T iron hoops, which were decided at tle 
meeting of the boiler makers to be ‘‘ opposd 
to all the known laws of nature,’”’ had né 
been removed, the boiler has worked on t 
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this day without giving further trouble, and 
romises to do so for the next seven years. 
The following is an analysis of the sedi- 
ment, from which it will be seen that car- 
bonate of lime is the predominating ingre- 
dient, though it does not form so large a 
ercentage as it did in the previous cases, 
which it is interesting to notice in connec- 
tion with the fact that in this boiler the fur- 
nace plates were not bulged, but merely 
strained at the seams of rivets: 
Carbonate of lime.,.......++++ 


Sesquioxide of iron..... eneeeee 
Alumina........... eoasenni oe 
Sulphate of lime 

Carbonate of magnesia........ 
Magnesia 

Phosphoric acid......... ecccece 
Chlorine. ...ceccsesscoes eoccve 
Sand and silicic acid 
Fat..ccccccces eeeccoes 7.375 
Other organic matter... 3.367 
Moisture...... ecceccee 


The deficiency is partly due to the given 
percentage of carbonate of lead being too 
small, and to the traces of alkalies, copper, 
phosphoric acid and chlorine. 

When the boiler continued to work on 
satisfactorily week after week and month 
after month, simply by exchanging the well 
water for the town’s water, the owner could 
not entertain any further doubt on the sub- 
ject; and on recollecting the changes made 
in his works from time to time, and remem- 
bering how the well had been deepened to 
increase its supply, he was also able to trace 
aclear connection between the use of the 
well water and the leakage of the boiler. 

This shortly received a striking corrobora- 
tion. In the course of the long drought 
that occurred in the summer of 1868, the 
supply of the Manchester Waterworks, as 
all in this locality will remember, began to 
run short, especially for engine purposes, so 
that for one afternoon the owner was obliged 
to fall back on the well water, when, though 
he tried the experiment for a few hours only, 
the boiler at once commenced to leak as be- 
fore, so that he gave up the well water once 
more, and resolved never to return to it again. 

This case, though not so severe as some 
of the others mentioned, is perhaps the most 
interesting, from the great perplexity which 
arose with regard to it, and the conclusive 
manner in which it was cleared up. 

No. 7. The seventh case was met with 





near Carlisle, in July, 1868. The boilers 
in this instance, which were of the ordinary 
Lancashire type, and strengthened at the 
ring seams of rivets in the furnaces with T 
iron hoops, drove a condensing engine, and 
were fed from the hot well. The length of 
these boilers was about 30 ft., their diame- 
ter in the shells 7 ft., and in the furnace 
tubes 2 ft. 8 in., while the load on the safety- 
valve was about 50 Ibs. per square inch. 

These boilers gave way, as in the previous 
cases, at the furnace crowns, in consequence 
of which the owners reflected on the makers, 
and the makers, knowing they had delivered 
sound work, could only account for the failure 
by supposing that the boilers had been neglect- 
ed, and the water supply allowed torun short. 

On making an examination, I found that 
the deposit within the boilers was of a fine 
floury nature, like that already deseribed in 
the previous instances, though the quantity 
was not so great, neither were the furnaces 
sv severely distressed. The following is an 
analysis : 

Carbonate of lime 
Iron (peroxide), 


Sulphate of lime.......... cocce 
Carbonate of magnesia.......... 
Silica and sand 

*Organic matter 
Moisture ........ oe cocccccccce . 


From the above analysis, it will be seen 
that the feed-water was very similar to that 
met with in the other cases previously re- 
ferred to, though it will be seen that the 
percentage of carbonate of lime is searcely 
so high, which possibly explains the fact 
stated above, that the furnace crowns were 
less distressed than usual. 

No. 8. The eighth case that may be re- 
ferred to, was met with in August, 1868, 
and occurred to a couple of boilers laid down 
near the river Mersey, in the neighborhood 
of Widnes. These boilers were of the or- 
dinary Lancashire type, and were but just 
new, yet they had failed repeatedly at the 
ring seams of rivets of the furnace crowns, 
when the old rivets had been cut out, the 
holes rimered, and new rivets inserted, but 
without success. 

Under these circumstances, the makers of 
the boilers called upon me, when, in answer 
to inquiries, it appeared that the feed-water 
was heated by the exhaust steam from the 





*Containing 2.95 of fatty matter. 
4 y 
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donkey engine, and that the deposit was of 
a light floury character. I at once recom- 
mended that the exhaust should be diverted 
from the feed-water, and on this being done, 
the difficulty with the furnace crowns was 
overcome. In about a month afterwards, 
the boilers were reported as working satis- 
factorily, although they had never stood for 
more than forty-eight hours before. 

The following is an analysis of the sedi- 
ment, which, as in the previous cases, shows 
a predominating proportion of carbonate of 
lime : 

Carbonate of lime and magnesia. . 


Sulphate of lime 
Alumina and iron 


83.33 
1. 


Oily matter 
Organic matter 
100.00 


It may be added that further cases have 
been met with in the neighborhood of Wid- 
nes, and that in December last two other 
boilers came under my attention, the fur- 
naces of which were bulged out of shape 
from the same cause as that referred to above. 

It is worthy of note that three different 
cases of injury to furnace crowns from this 
fine floury deposit have been met with in the 
neighborhood of the Mersey, and within a 
few miles of Liverpool. 

I have gone into this subject at some 
length, because it is one not generally un- 
derstood. It will be seen that the cases of 
injury referred to were not confined to any 
peculiar locality, but were met with in the 
neighborhood of London, Lancaster, Car- 
lisle, Birkenhead, Sunderland, Ruabon, Wid- 
nes and Manchester, so that they were 
widely scattered over the country. It can 
scarcely be doubted that for the want of un- 
derstanding this subject, many cases of mis- 
apprehension between boiler owners and 
boiler makers must have occurred, and the 
blame of leakage at the seams of rivets in 
the furnaces, attributed to defective work- 
manship, or overheating, through neglect of 
the attendants, instead of to the feed-water. 
It is trusted that the general diffusion of 
information on this subject will prove of 
practical value to boiler makers and boiler 
users, and that the number of examples given 
will be considered sufficient to establish the 
fact that both in externally and in internally- 
fired boilers, the plates over the fire may be 
overheated and bulged out of shape even 
when covered with water. 





MODERN ARTILLERY AND TACTICS, 


From the ‘‘ Army and Navy Gazette.” 


There can be few studies so interesting to 
a military man who loves his profession as 
the various modifications of tactics that have, 
from time to time, been forced, as it were, 
upon the different armies of the civilized 
world. From the days when the crossbow 
had to give place to arquebuse, when the 
latter was superseded by the heavy muskets 
of the seventeenth century, when, after pro- 
gressive modifications, the flint-locked Brown 
Bess became the weapon of the day, when 
the old smooth-bore percussion reigned su- 
preme for a time, and was put aside for the 
rifle which, only two or three years ago, was 
in its turn superseded by the breech-loader— 
through all the different phases of small 
arms, as well as large ordnance improve- 
ments—the art of war has always, and will 
for ever, be progressive. The valiant off- 
cers, the plucky, all-enduring armies of the 
Peninsula and of our Indian campaigns in 
the commencement of this century never 
dreamt of any improvement upon the cun- 
bersome flint musket, that missed fire at 
least once in every dozen shots, and if, when 
it hit the mark aimed at, was supposed to 
have almost worked a miracle. The arms 
we use have changed, and tactics have 
changed with them. The ordnance of to- 
day is as unlike what we fought the Sikh 
campaign, or went through the Indian 
mutiny, or made our way into Sebastopol 
with, as the smooth-bored flint musket was 
to the breech loaders now in use. And it 
must stand to reason that the art of attack 
and defense of one great body of soldiers 
against another must be modified in propor- 
tion to the arms of the day. At Waterloo 
it would have been quite possible for cavalry 
to get over two thousand yards of ground in 
a charge, and not be subject to danger from 
more than one volley of the infantry square 
they attacked. In our time the same troops 
would be decimated three or four times ere 
getting home to their work. And so it has 
been, only in a much greater degree, with 
artillery. ‘It seemed,” wrote Villani, 
when speaking of the employment of cannon 
at the battle of Crecy, ** as if God thundered, 
and that with His thunder there was a great 
massacre of people and a frightening of 
horses.’ And yet, for more than a century 
after the time that this historian wrote about, 
the artillery could hardly be called movable. 
Even under Francis I. of France, the ord- 
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nance of the period—mere pop-guns of our 
own days—followed armies with such diffi- 
culty, and so slowly, that the infantry main- 
tained the tactics of the past age, and formed 
in heavy masses in front of the enemy’s 

uns. Little by little, as the ordnance in 
use got better and more precise, it became 
necessary to protect infantry behind walls, 
or, when in the open field, to deploy battal- 
ions so that the artillery fire could not do 
much damage, even when it penetrated the 
ranks. Gustavus Adolphus, Condé, Turenne, 
the Marshal Saxe, the Prince d’Anhalt- 
Dessau, Frederick the Great, and even our 
own Malborough, gradually changed the 
formation of infantry. The real use of this 
arm only became fully known when the 
Great Frederick had changed altogether its 
mode of working. At the battle of Molwitz 
this great soldier-king learnt what could be 
done by foot soldiers who fired rapidly and 
well—that is, well for the days in which he 
lived. From that time infantry became, 
throughout Europe, by far the most import- 
ant arm of the service. It was henceforth 
seldom massed together in columns. Its 
lines were extended, and rapidity was intro- 
duced into all its movements. Witha small 
army and a very numerous enemy, Frederick 
was obliged to strike out for himself a new 
mode of tactics. He avoided as much as 
possible meeting numbers by numbers, or 
trying to conquer by material strength, and 
tried to introduce an improved style of firing, 
and rapidity of movements, by which an en- 
gagement could, when needful, be avoided 
quite as quickly as it could be brought on. 
Under him, also, the artillery began to as- 
sume the importance it has ever since main- 
tained in modern warfare. The guns were 
made more movable, and men began to see 
with wonder something like a system of drill 
and tactics used when working ordnance to 
the front, the flank, orthe rear. And so on 
down to the time when, the then, Gen. Bona- 
parte began to be talked of as a leader who 
seldom led the way to anything except vic- 
tory. As the French Republic changed into 
the Empire, and as the hand of its great chief 
Was against every one, and every one’s hand 
against him, the tactics of the day changed, 
and became nearer to what they were in our 
own service within the memory of living 
men. The bayonet gradually became an 
arm much used by all infantry. Perhaps 
no soldiers took to it as kindly as did our 
own troops; but, still, it effected great 
changes in the mode of fighting in all armies. 





In France this weapon became more popular 
when the campaigns in Algiers worked such 
an immense change in the army of that 
country. For close upon forty years France 
has had work cut out for her troops in the 
school of war which she founded in North- 
ern Africa. An entirely new type of the 
French soldier has arisen to be the model 
man of her service. Individual fighting, 
looser formations, a manner of achieving an 
end, no matter how, so that it was achieved, 
became the rule more than the exception in 
the army, of which the Zouave is the picked 
soldier. In our own service, notwithstand- 
ing several attempts to introduce the modern 
French system of almost separate working 
on the part of each fighting man, we have, 
with certain modifications, maintained our 
more compact formations, and our reliance 
of each soldier upon the whole company or 
troop to which he belongs, more than upon 
his own individual exertions. We have 
made changes certainly, but they have 
neither been rash nor very considerable. 
That our system, so far, suits our men much 
better than greater changes would do, there 
can be as little doubt, as that we have held 
our own whenever and wherever we have 
taken the field. Whether we shall have to 
make further changes, or whether our in- 
fantry movements are rapid enough for the 
arms with which our enemies, as well as our- 
selves, will in future carry, is a question 
which admits of discussion. But there can 
be little doubt but that by degrees a very 
considerable modification in some of our tac- 
tics must take place. When an average 
military marksman can hit an enemy at 800 
yards seven times out of ten, it becomes 
that enemy to be more active, either when 
advancing or retiring, than when a similar 
feat could only be achieved once in perhaps 
a dozen shots. 

The great difficulty connected with the 
modifications of modern tactics seems to be 
that we are yet only in a state of transition 
as regards firearms. In all that regards 
both breech-loaders and field-guns, we have 
advanced far, but shall probably—we might 
say certain!y—-advance much further. Even, 
however, if progress has reached its limits 
in the perfection of arms of precision, it be- 
comes a matter of wonder how far future 
cavalry can ever be used against unbroken 
infantry, when armed with the breech-loaders 
now in use, and taught to fire as the ordi- 
nary average of regiments are. There is a 
point beyond which courage is mere rashness, 





972 


VAN NOSTKAND’S ENGINEERING MAGAZINE. 





and pluck on the part of the commander 
becomes a wanton waste of life. Would not 
such be the judgment passed upon any cav- 
alry leader who would launch his regiment 
or brigade against an infantry square armed 
even as our own and other European armies 
are at the present day? Against infantry 
broken or in retreat, against the same arm 
when thrown into confusion by some blunder 
on the part of their commander, against the 
cavalry of the enemy, or against artillery 
when not unlimbered, dragoons must ever 
prove of the utmost service, and no army in 
the field could do without them. So it is 
when feeling for an enemy, when pushing to 
the front, and anxious to bring on an engage- 
ment, the cavalry arm must ever be present 
to do that which it alone can effect properly. 
But unless some change, of which as yet we 
know nothing, takes place in the firearms of 
the world, we shall, probably, never again 
hear of cavalry being used to charge infantry 
squares as in old time. 

Again, it is an open question how, with 
the present improvements in artillery, either 
infantry or cavalry can ever be used in the 
open field to silence a battery of guns. At 
the present day the artilleryman, although 
he cannot load as quickly, fires with almost 
as great precision as the infantry soldier. 
In the advance of an infantry brigade against 
a battery, unless circumstances were excep- 
tional and much in favor of the former arm, 
there would be no formation left by the time 
they reached their destination. This, as a 
matter of course, can be rectified very much 
by rapidity of movement on the part of the 
infantry soldier, and in this change, as we 
imagine, will be found one of the chief 
alterations of modern tactics. Much greater 
quickness in advancing ; the ‘‘double”’ taking 
the place of our present quick time; and a 
certain reckless dash, which will tend greatly 
to abolish steady formations, will probably 
supersede many of the movements now in 
use. But the chief change will most likely 
be a rule by which no arm of the service 
will ever, or very seldom, be employed 
alone. Brigades will probably not be com- 
posed of cavalry nor of infantry alone, but 
each one, and perhaps, indeed, each regi- 
ment, have a certain force of cavalry and 
infantry attached to it. In the state of 
transition which we find ourselves to be, and 
in which every army in Europe must find 
themselves to be, these speculations on future 
tactics must be more or less vague. But it 
can hardly be said that they are improbable, 





far less impossible. As we advance in the 
excellence of firearms and of ordnance, jt 
seems likely that each branch of the service 
will depend more and more on one another, 
and that the smallest commands will become 
what divisions of the army have been hither. 
to—a mixture of cavalry, artillery and in. 
fantry, and that every officer who aspires to 
command even a regiment must be able to 
know how to command and when to use other 
arms of the service as well as that to which 
he himself belongs. At any rate, as far as 
it is possible to see, this appears the only 
possible solution of what is the military 
mystery of the future. But for the changes 


to become visible, or for any definite rules 
upon the subject to be practicable, we must 
wait for the experiences of the next Euro- 
pean war. 


THE ESTIMATES OF CONSULTING ENGI- 
NEERS. 


From ‘‘ The Engineer.”’ 

Possibly in one case out of fifty, probably 
not in one instance out of five hundred, does 
the actual cost of a heavy job coincide with 
the estimate previously prepared by the en- 
gineer. This proposition is so well under- 
stood, that it is accepted as an axiom, that 
the total cost of a bridge, or an embank- 
ment, or a mill, or a factory, must be in ex- 
cess of the estimate; and as a kind of pre- 
cautionary measure intended to defend the 
engineer from the charge of incompetency 
which may be brought against him, and the 
capitalist from the consequences of not prop- 
erly counting the cost before he begins to 
build, a something, known as ‘‘a margin for 
contingencies,” is always added to every 
estimate, and forms, indeed, an integral part 
of it. This margin, however, seldom or 
never suffices; for, as a rule, the outlay al- 
ways exceeds not only the calculated cost, 
but the calculated cost and the margin as 
well. If the excess be moderate, no very 
serious consequences may ensue; but it 
must not be forgotten that the excess has 
not unfrequently been so large as to entail 
the total ruin of the capitalist or capitalists ; 
or at least to reduce the profits which he or 
they expected to realize to a nominal return. 
An estimate right within 20 per cent of the 
actual cost is, however, regarded as a very 
good estimate, and one reflecting much credit 
on the engineer and all concerned. Yet this 
20 per cent is to our minds sufficiently un- 
satisfactory, and bears small testimony to 
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the value of existing systems—or want of 
systems—of estimating the cost of work. 
It ought to be, and no doubt is, possible to 
ascertain beforehand with much accuracy, 
how much money will be spent in carrying 
out any undertaking to a successful termi- 
nation. This is proved by the fact that es- 
timates, perhaps accidentally, do now and 
then agree very closely with the actual ex- 
penditure ; and it is worth while, we think, 
to inquire why such an agreement is excep- 
tional instead of being the rule. 

The reasons why estimates and expendi- 
ture so seldom coincide, are two in number. 
In the first place, the engineer does not ac- 
curately know how much work has to be 
done ; in the second place, he does not know 
how much the doing will cost. As regards 
the first, it is possible that the engineer may 
not be at all to blame. The preparation of 
a complete design for a complicated struc- 
ture, such, for example, as a cotton mill, is 
all but impossible. When the drawings 
come to be made, a host of small things are 
certain to be left out, simply because they 
cannot be put in to any reasonable scale on 
paper ; they are to be supplied afterwards. 
It is known in a kind of way that they will 
ultimately be needed, but no one thinks of 


wasting time in ascertaining what they will 
really cost, and of what they will consist. 
Almost from the first moment they are put 
out of sight, and to nothing more than to 
such trifles as these will the proverb “ out 


of sight out of mind” apply. The so- 
called trifles, however, make themselves dis- 
agreeably prominent before the work is com- 
pleted. They must be supplied and paid 
for, and they not unfrequently constitute an 
ominous feature in the bill. We shall not 
pretend to define in what trifles of this kind 
consist. Every engineer who has prepared 
an estimate for work differing from anything 
he has estimated for and carried out before, 
will be likely to class trifles, using the word 
in our sense, under a different head. No 
engineer will deny their existence, their 
costliness, or the influence which they exert 
on estimates, and this much admitted, our 
proposition is granted. 

Under certain circumstances, however, we 
find the engineer very much to blame, be- 
cause he totally overlooks the necessity which 
exists for the construction of essentials, or 
relegates important features to the region of 
real trifles. The result of such negligence, 
or errors of judgment, may be disastrous. 
We recollect one case in which a factory was 





put up, and boiler and engines put down at 
a cost of about £10,000. It was known 
that no water from river or stream was avail- 
able. A shallow well was therefore sunk, 
and from this water sufficient for mortar, 
&c., was obtained during the progress of the 
works. The insignificant cost of this well 
was included in the estimate. By the time 
the factory was completed, however, it was 
discovered that not nearly enough could be 
had from it for the purposes of manufacture. 
A very large further outlay—nearly £1,000 
—was incurred in sinking the well deeper, 
without leading to any satisfactory result ; 
and, finally, rather than abandon the factory 
altogether, £2,000 more were spent in lay- 
ing a main and opening a cutting from a 
river at a considerable distance. Here the 
original estimate was increased nearly 50 
per cent by a single mistake. Such cases 
are, of course, very exceptional ; but it is 
not at all exceptional to find estimates based 
on the first cost of machines delivered at 
the works, not one farthing being added for 
erecting them; the value of the bricks re- 
quired based on their price in the field, the 
trifling question of carriage being totally 
forgotten. and such like. Such mistakes as 
these will cause actual outlay to exceed es- 
timated cost with great certainty, and it is 
the easiest thing in the world to be guilty 
of them. None, indeed, but those who have 
had to prepare estimates for large under- 
takings, can tell how much trouble, and what 
unceasing watchfulness is required at every 
step to avoid error. 

Even if we suppose the engineer to have 
ascertained with the utmost accuracy every- 
thing that can possibly be required, from 
the steam engine to the time-taker’s clock, 
it does not follow that his estimate must be 
right: the second class of error to which 
we have alluded to may come into play. It 
is one thing to know what you want to buy, 
quite another to know what it will cost. An 
engineer may determine with strict accuracy 
how many yards of earth must be taken out 
to prepare an engine foundation, but his es- 
timate of the cost of taking it out may be 
altogether wrong, for it is not the quantity 
of earth to be removed, but the whole cost 
of removal, that affects the precision of the 
estimate. In the first place, he may not 
have taken the trouble to ascertain the cost 
of labor, or the nature of the soil; in the 
second, water may come in on him, and de- 
feat all his calculations. In estimating for 
machinery, the engineer is peculiarly apt to 





974 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





fall into error. He sets down the cost of} We have said enough, we think, to show 
enginesand gearing at so much, and on going that consulting engineers are called upon to 
into the market finds that no manufacturing | discharge a difficult duty in the preparation 
engineer will touch them at the price. The of estimates; a duty, we may add, often so 
reason is simply that the manufacturers, | badly paid for that he is sorely tempted to 
knowing that estimates generally err on the 'slur over his work and add a good margin 
wrong side, put on a ‘‘ margin for contingen- | for contingencies to cover his short comings, 
cies,” on which the would-be purchaser has | It is not to negligence, however, that we 
not calculated at all. He puts down £2,000, | are inclined to ascribe the thoroughly unsat- 
we will say, for engines and boilers. He has, | isfactory state in which the practice of esti- 
perhaps, worked out the cost of these very | mating now is, but rather to incapacity, 
carefully on paper. The maker does the same | There is no good treatise on the subject, al- 
thing, and comes, perhaps, to nearly the| though there are plenty of “ price books” 
same result, to which he immediately adds | containing forms of tender and specifications, 
50 per cent, not only for profit, but as mar-| The art of estimating forms no part of the 
gin, and to cover the chance of loss. Both| present course of engineering instruction, 
parties are right in their own way, but our! either in the office or the college. Whena 
engineer’s estimate is all wrong. Nor is| young man can take out quantities and pre- 
this the only difficulty which those who pre- | pare an estimate at the rate of so many rods 
pare estimates have to contend against. It|of brick work so much, one steam engine 
is sometimes almost impossible to say what | fitted complete so much, &c., &c., he is con- 
work ought te cost, prices vary so much in | sidered to have his education finished in this 
different districts, and among different direction, as far as the office or the college 


makers. We may State a case in point 
which recently came under our own notice: 
Anengineer putting up large works, required 
some heavy castings. Before preparing his 
estimates, he wrote to some of the leading 
firms in the country asking the prices at 
which they would execute the work. Be- 
fore a week was over he found that he could 
have his castings at any price, from £12 to 
£5 7s. 6d. per ton, and, in any case, suffi- 
ciently good for his purpose. Some of our 
readers may say that this gentleman adopted 
the proper plan, and that estimates based 
on actual tenders in this way, could not be 
far wrong. This supposition, however, is 
true only within certain limits. We may 
cite a case in point which came under our 
own notice a few years ago. An engineer 
had occasion to order some very heavy gear- 
ing. He got two or three tenders for the 
castings, and he accepted the lowest tender. 
A moderate quantity of wrought iron work, 
in the shape of plummer block bolts and 
nuts, wheel boss hoops, &c., was also re- 
quired. This he did not think it worth 
while to ask a price for, regarding it as a 
trifle. The work was delivered, and so was 


covered that so much had been charged for 
the wrought iron, that instead of obtaining 
the gearing as a whole, at the cheapest, he 
had paid at the dearest rate. The other 


tendering parties would have charged a little | - 


more for the castings and a great deal less 
for the wrought iron, that was all. 


is concerned, while in point of fact he is no 
more competent then to form an accurate 
estimate than if he had never been taught 
engineering at all. Those instructors of 
youth whodoubt this statement, will do well 
to test its accuracy thus. Let them procure 
the bills furnished to and paid by any large 


manufacturer or ironmaster for the erection 





of any given premises or machinery. Then 
let them lay down the prescribed conditions 


| to three or four of the most advanced pupils 


they have got, ask them to send in estimates 
elaborated from their own brains, aided by 
such treatises as they can find on the subject, 
and compare these estimates with the actual 
bills paid. They will see that our statement, 
that no pupils are taught anything practically 
about estimating, is confirmed with startling 
force. Is it not just possible that the test 
we have indicated might be made a valuable 
feature in the courses of engineering col- 
leges, and the method of instruction adopted 
by private teachers? We think so; and we 
further think that there would not be the 
slightest difficulty in introducing it. A little 
less mathematics, and a little more instruc- 


: was de n ‘as | tion as to what things really cost, would be 
the bill; on examining it the engineer dis- | 


a change for the better in the young engi- 
neer of the period. 


BY AX LEs.—Certain railroad companies 
are putting in passenger axles which they 
know to be made at one piling, from old rails 





only. Such trifling with life is frightful. 
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TEAM GAUGES.—Very few years have 
S elapsed since Mr. Daniel Kinnear Clark | 
called steam gauges on locomotives luxuries, | 
not necessities. At this moment we believe 
there is not a locomotive in Great Britain 
working a railway carrying passengers which 
is not fitted with a steam gauge. The truth 
is that when Mr. Clark wrote, the world, 
with the exception of a select few, knew 
only of the cumbrous mercurial gauge, or 
the yet more imperfect manometer. The 
Bourdon gauge had only been talked about 
by users of steam power in general, and it 
was quite natural that Mr. Clark, in com- 
mon with the great body of his professional 
brethren, should regard all known gauges 
likely to suit a locomotive as mechanical 
quiddities—things of the border land which 
lies between true mechanical science and 
quasi mechanical humbug, and reject them 
accordingly. The manufacture of gauges | 





has, however, become a great trade, and | «5 


now not only every locomotive engine, but 
almost every boiler and every portable en- 
gine in the kingdom is fitted with one. The 
steam gauge has asserted itself, so to speak, 
and by its obtrusiveness it has forced itself 
into that position where criticism begins. 
Where this last may end, only the makers 
of steam gauges can say. 

A steam pressure gauge can only be used 
for three purposes. The first is to tell 
accurately the pressure in a steam boiler at 
any moment when the water is hotter than) 
212 deg. ; the second is to tell variations | 
in the steam pressure from time to time; 
and the third is to bring in money to the 
makers. We regret to say that the last 
point is more studied than the others; 
indeed, so much studied that the value of 
the modern mercantile steam gauge as an 
index of the pressure within a boiler at any 
moment is very small indeed. There is 
nothing like facts to prove assertions; and 
as we plainly repeat that the modern steam 
gauge of commerce is a very worthless 
instrument, it is right that we should adduce 
facts in proof of our statement ; and as these 
facts tend to show what maker deals best 
with his customers, and who serves them 
worst, our statements should prove all the | 
more valuable. It is well known, or should be 
well known, that under ordinary conditions 
the Royal Agricultural Society will not per- 
mit a greater pressure of steam to be used 
within the limits of their show-yards than 50 | 
lbs. per square inch. Every exhibitor intend- 
ing to get up steam must, therefore, submit 





the gauge with which his engine is fitted to the 
Society’s engineers, Messrs. Easton & Amos, 
who test the gauges and return them with a 
certificate that the boiler may be worked at 
a pressure of so many pounds by its own 
gauge, which is equivalent to 50 Ibs. per 
square inch. We have taken the trouble to 
examine nearly every certificate granted by 
Mr. Amos this year at Manchester, and to 
compare each certificate with the gauge. 
The following table shows the result : 





MAKER OF GAUGE. 


No. in catalogue. 
ressure equiva- 
lent to 50 Ibs. 





2 
236 
237 
980 eeeeecee 
86 Ceccccccce cocces 
6092 
6094 
6121 
6122 
6125 
6127 
6129 
6161 
6297 
6412 
6513 
6414 
6415 
6417 
6418 
6317 
6337 
6514 
6616 
6643 
62 
2122 
609 
6307 
5670 
7510 
819 
823 
5668 

6316 


POPP cena eet eens 
ee eeee erenee eee 
Oo eens we eeee eens 
eee eee weeeet wees 


eee ee eeeeee wees 


do aces 
Schaeffer & Budenberg 
do 


do 
do 
Salter Bourdon ......+..eeee 
do 
Dubois Bourdon. .oce ccccccccccce 
Baines & Tait......... 
do 


do 
Smith, Nottingham... 
do 


do 
Bourdon .ecesessceeecs 
E. Bourdon. ......+++- 
6160 | Dewit...... 
6136 
6138 
6135 


6494 

6326 

5301 | Storey Bourdon. .......... 
Hayward, Tyler & Co 

6488 d 

TA97 
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Here we have 52 gauges by recognized 
makers, and out of the whole number only 
9, or less than 18 per cent, are correct. 
This is a fact which, we fancy, will startle 
our readers, and we trust open the eyes both 
of guage makers and guage buyers to what 
they are selling and making. 

It may, of course, be urged that the gauge 
used by Mr. Amos in testing those of the 
exhibitors is not accurate. But even if this 
were true—and it is not—there would still 
remain an immense discrepancy between the 
tested gauges themselves. No want of 
accuracy in the standard gauges can affect 
this part of the question. If we suppose, 
for example, the standard gauge to be 5 lbs. 
too high, denoting 50 lbs. when there was 
only 45 lbs., then we should have Smith 
right; but, on the other hand, where will 
Schaeffer be? One of his gauges, under 
such conditions, would be 11 lbs. wrong, 
and none of the others will be less than 3 
lbs. wrong. When it is borne in mind that 
steam gauges, properly used and properly 
fitted, play a very important part in the 
prevention of explosions, all this want of 
accuracy comes out in a very bad light. 
Nor do the figures we have given show the 
worst. Gauges were brought up to Mr. 
Amos to be tested which were 30 lbs. wrong, 
and which he, very properly, would not 
allow to be used at all. Let us hope that 
such imperfections are the result of ignor- 
ance or carelessness rather than of a deter- 
mination to ignore every other condition 
save economy. ‘Twelve months will elapse 
before the gauges used by the agricultural 
engineers of Great Britain are again pub- 
licly tested. Is it too much to expect that 
we shall have a different record to place 
next year before our readers ?—Engineer. 


IMPROVED SHAPE OF SCREW-TAPS. 
By Prof. 0. Beriicu. 

Condensed and translated from Polyt. Centralblatt. 

The “ Propagation Industrielle ’’ contains 
an interesting article on a method of making 
screw-taps of a new and improved shape, as 
practiced in the large machine-shop at Graf- 
fenstaden. The screw-taps are there turn- 
ed and cut in a turning-lathe provided with 
a peculiar mechanism, the effect of which is, 
that the pieces produced by turning and by 
the cutting of the thread are not circular in 
section, but of a shape more favorable to a 
successful working of the tap when finished. 
It is generally acknowledged that the screw- 
taps as made heretofore, conform but imper- 





fectly to what must be expected from a good 
cutting-tool. The action of an ordinary tap 
does not produce regular chips; it does not 
leave room enough for them, nor allow the 
oil easy access to the working-edges. Thus 
they produce an unnecessary amount of fric. 
tion, and become rapidly blunt and worn, 
Some improvements have been made in this 
respect. But the cylindrical or conical 
shape of the nucleus of the tap has been re- 
tained. No tap, however, having a nucleus 
of a circular section, can ever work as advan- 
tageously as any other good cutting tvol; 
for it does not suffice that the edge be sharp. 
The tool, besides, ought not to touch the 
surface of the screw to be cut, but just with 
its edge ; and the cutting edge ought to be 
free at the back, and must therefore have a 
tooth-like shape. To make the action of the 
tap as perfect as possible, not only the edge 
formed by the intersection of the upper and 
lower surfaces of the triangular thread must 
be eccentric, but also both surfaces of the 
thread must recede eccentrically from their 
respective cutting edges. This is effected 
by the method of cutting taps as adopted at 
Graffenstaden. 

The annexed engrav- 
ing may give an idea 
how thisis done. The 
fine dotted outline is 
circular, and indicates 
the section of a piece 
of steel turned off in 


the ordinaryway. The 
above-mentioned _pe- 


culiar mechanism, however attached to 
the turning-lathe at Graffenstaden, does 
not turn the piece circular, but in a 
shape indicated by the full drawn outline of 
the annexed figure, so that the piece obtains 
a wavy surface. The cutting of the thread 
is afterwards done in the same manner and 
with the same mechanism. Thus a screw of 
a wavy section is produced with alternat- 
ing swells (s), and recesses (7), each of 
which extends over the whole length of the 
piece. The number of swells corresponds 
to the number of teeth intended to be given 
to the tap. Our engraving shows four of 
them. To finish the tap it is only necessary 
to cut out one half of each swell by a 
planing or a milling machine, to a depth 
corresponding to the required length of the 
teeth. Thus taps are obtained of a section 
about as indicated by the hatched surface in 
the engraving. The planes of the cutting- 
faces pass through the axis of the tap. 5. 
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PATENTS AND PATENT LAWS. 
By W. Bripces ADAMS. 
From ‘‘ The Society of Arts Journal.’ 

The word ‘monopoly ”’ is one of exceed- 
ing ill odor with the great mass of the com- 
munity, and to affix such a name to patents 
is considered a very clever move on the part 
of their opponents. It catches the public 
ear,and the public is very apt to take things 


for granted, that appear to conform to its | ) oes still 
style and title of a firm is private property ; 
and, as if to guard against the contingency 


interests. What isa monopoly? A privi- 
lege conferred upon special individuals, for 
their own advantage, to the disadvantage of 
the community. At first sight, numerous 
private rights appear to be monopolics— 


land, mines, forests, rivers, the raw material | e mea 
| are resorted to to prevent a trader’s individ- 


of the world, which are the property of the 
whole human race, as tenants in common; 
and for individuals to possess and own them 
as private property, is simply a concession 
granted, because they will produce a gener- 
ally greater fruit by the process of individ- 
ual enclosure, than by a general scramble. 
The conversion of the raw material into 
useful forms, by the operation of the human | 
brain and human hands, creates another | 
kind of property, giving the raw material far | 
greater velue by mental and physical labor, | 
labor which would not be given unless the | 
owners could reap some of the fruits of it | 
by an enclosure of the results of their own | 
brains or hands as their own property. 
Origination of new and useful ideas and 
forms, producing something better and more | 
useful than has been produced before, is the | 
most valuable kind of labor, and, therefore, 
the world, in proportion as it becomes civi- 
lized, gives exclusive property, for a longer 
or shorter time, to the producers of the ideas, 
and goes still further in giving hereditary 
rights to long-continued industry. 

Language is common property, but the 
author of a book, putting language into new 
forms, in combination with ideas, is endowed | 


inal. Another produces a piece of sculpture, 
with the same results. Another produces a 


new design for furniture, or patterns for 
dress, or other manufacture, and that is as 
much his own, with the exclusive right to 
sell it entire or in copies, as though it were 
the corn and cattle of the farmer, or the 
fruit of the orchard owner, or the vegetables 


‘of the market gardener. 


This monopoly goes still further. The 


of the same Christian and surname in com- 
bination being used for competition by a 
namesake, trade-marks were invented to in- 
sure the monopoly, and every possible means 


uality from being trenched on by his neigh- 
bors. Yet more: a proprietor of a news- 
paper, with no individuality, and who pur- 
chases all his wares ready made from other 
persons, has the exclusive right to a particu- 
lar word or combination of words out of a 
dictionary, which, if he be the first to as- 
sume, no one can appropriate till he chooses 
to abandon his right. 

Throughout all these things it is the right 
of property which the law jealously guards, 
mental or other. But for this law, a large 
mass of mankind would disguise themselves 
in their neigbors’ likeness, to reap the profits 
accruing from their neighbors’ reputation. 

What are called patents, are mental ori- 
ginations, multiplied in matter, and the 
law professes to confer on the originator the 
sole right to use and sell them to the public 


|for the course of fourteen years. Some of 


these originations are very popular, and an 


enormous trade grows up, from which large 
| profits accrue, and it is very commonly an 


article not of real importance tothe welfare 
of the community that makes the largest 
profits ; but whatever it may be, trade rivalry 
is excited, and any means are resorted to for 


with what is called “ copyright” for a term | evading the patent, without payment to the 
of years, a monopoly, in short, for the rea-| inventor. Everything previously known in 
son that, without that monopoly, the books | the trade is at the disposal of the rivals ; 
would not be produced, or only a very few | but the Naboth’s vineyard they covet is the 
books would be produced by a few wealthy | new thing which the public prefer, either for 
and powerful persons; and the very title of 1ts superiority or its cheapness, and which 
the book is also a monopoly. Another per- | has been the production of the inventor’s 
son produces a picture which has a high| brain. So they set to work to defame him, 
value, and the right to reproduce that pic-| to deny his originality, to call him a monop- 
ture by engravings or photographs, or other | olist, to decry his invention, to try and invade 
means, is reserved to him. Another pro-| it by inferior methods, and, finally, to take 
duces new combinations of musical sound, | advantage of inefficient laws, to plunge him 
and the multiplication of copies of this mu-| into costly trials that may ruin him, and put 
sic is as much his own property as the origi- | the invention out of use, if they cannot ap- 
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propriate it to themselves without paying | the community than the State could, the 
anything for the cost of its production. 'rental being the payment for their trouble, 
A few years back, an attempt was made to The patent is a limited property, the land 
decry and abolish patents at the meeting of | is an unlimited property, both conferred by 
the British Association, and now once more | the community, and capable of resumption, 
an attempt is making to obtain a huge mo-/if demonstrated to be mischievous to the 
nopoly, under pretext of abolishing another | community. 
—not a monopoly as of old in the case of| The brain-worker can only, in the case of 
the corn-laws, for the benefit of landlords or Leelnite, operate by the agency of matter, 
landowners, but for the supposed benefit of | the property of the landlord, who exacts a 
trade-lordsand capitalists generally. Large | large share of the brain-work in return for 
manufacturers, material converters, andsim-|the use of the matter. But the brain-work- 
ilar people, desire to get the use of brains | ing patentee has no monopoly. He is ex. 
without paying for them, or to keep things | posed to the competition of all others using 
as they are. It is not a case of patentees | the landlord’s matter, or the materials of 
against the community, as their opponents | the Creator, save in the patentee’s particular 
endeavor to make out, but a case for the|mode. And no sooner has he achieved a 
community itself, as interested in progress, | success, than other inventors are immedi- 
against wealthy traders who would keep | ately at work to eclipse him, to the benefit 
down all progress, if by so doing they could | and advantage of the public ; and it is noto- 
keep up their own profits. It is the case of | rious that, even in the case of a successful 
the community, in behalf of the active brains | invention not superseded by another im- 
that work for them with mental capital, and | provement, commonly half the fourteen 
without material capital, against the dull | years’ term expires before an invention is 
and inert brains, with material capital in | brought even into limited use. 
masses, which at present, stimulated into| The large manufacturer has his choice of 
competition by the restless brains around | patents by competition amongst brains, say- 
them, lead an uneasy life, and would fain|ing nothing of the stored-up records of 
become the slaveholders of the active brains, | lapsed patents at the Patent Office, which 
and prescribe limits to their labors under| he rarely has recourse to, save to compete 
their own control, and for their own ima-| with, and defeat, something new, which a 
ginary benefit. It is an attempt to create | rival manufacturer has produced under a 
an hereditary trade aristocracy, by taking | patent, and turned to profit. It is well 
away the fulcrum through which clear brains | known that few manufacturers will embark 





rise into the possession of material capital, 
and their owners elbow the inert rich from 
their seats. And, not uncommonly, it is 
those who have grown rich upon patents who 
are the most strenuous opponents of other 
men’s patents. 

The common ground of opposition is that 
patents impede progress. If they did, that) 
would be sufficient reason for their abolition. | 
But assertion is not demonstration. It is | 








asserted that the patent is a monopoly which | 


no one but the owner can use. Quite true; 
but so is land a monopoly which no one but 
the owner can use, the difference being that | 


in new things without the protection of a 
patent, for the reason that money must be 
expended experimentally, and that rivals lie 
in ambush to reap the profits in competition, 
without outlay, and consequently can under- 
sell the originator, and for this reason the 
records of Japsed patents in the Patent Of- 
fice are not resorted to, but remain dead 
letters. 

It has been sought to make a distinction 
between copy-right and patent-right. There 
is none ; they are alike, in their integrity, 
original emanations of the human mind, and 
we may be quite sure that the abolition of 


the patent is a monopoly for fourteen years, | patents would soon be followed by the abo- 
and the land forever. The patent is a four- | lition of copyright in books or works of art. 
teen years’ monopoly of individual brain-| Copyright in designs is copyright in a repre- 
work, the land monopoly is that of the ma-| sentation. Patent-right is copyright in form, 


terial works of the Creator. If the land | 


were the property of the State, the rentals | 


would belong to the general community as a | 


tax fund, and the community gives it to in-| 
| 


dividuals on the supposition that they will | 


manage it better for the gencral benefit of 


and utility, and methods of production; 
whether brain imagination be multiplied in 
printed books, or in music, or in engraving, 
or artistry, or design, or theatrical exhibi- 
tions or shows, or stamped on matter under 
what are called patents, it is the same pro 
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cess of expressing mind in matter as an ori-| not new, and merely serve as an excuse for 
gination ; and as the originators are compar- lawsuits. That simply means that the law 
atively few in number, it is desirable to culti-| and practice have not yet been fitly estab- 
vate them, and give them enclosures of men- lished. Some say that patents are becoming 
tal domains wherein to have free scope for|so numerous that they cannot keep count of 
the exercise of their various arts, for pre-|them, and so unwittingly infringe them. 
cisely the same reasons that the enclosures | This is not logical. The patentee might as 
and private ownership of land—a common | well object, “‘ The great manufacturers make 
property—is granted to the producers of so many new things without giving me no- 
food, and for other purposes. | tice, that I cannot keep count as to my orig- 


It is simply the system of bad laws to 
which all the evils of patents are traceable. 
There was a time when, amongst the manu- 
facturers of printed fabrics, all new designs 
were kept secret as far as possible till the 


inality.” This complaint on the part of 
manufacturers only proves that they manage 
their business badly. It is surely part of 
the business of a great manufacturer to 
know of everything produced in his special 


moment of issue, and all were busy bribing, | art, and, therefore, he should keep a book 
or trying to bribe, their neighbors’ design-| of patents, as regularly as his price list, 
ers. The Act for Copyright in Designs, |with a managing clerk to it. He can, at 
abolished this system of piracy, and with it| small cost, have all the specifications in his 
the secrecy. Were patents abolished, one | trade supplied to him as fast as they come 
of the results would be a return to secrecy | out, and he can index them, and mark out 
in all small things, a closing of manufacto-| all the real novelties and utilities, and put 
ries against inspection, and a general dearth | them to use by agreement with the owner. 
of information to mechanical periodicals, | It is said that every British subject is bound 
while improvements, involving a large out-|to know all the laws, or take the conse- 
lay of capital, would cease to be made, un-| quence of breaking them, and certainly a 
less perchance in government establishments. | British manufacturer is bound to know all 

If the spread of knowledge be a national | the patents in his trade as part of his busi- 





advantage, the inducement to secrecy by | ness. 


the abolition of the patent—open—would| Allexisting knowledge and manufacturing 
be a serious evil. |experience up to the present time, is the 

Amongst the reasons alleged for the abo- | joint property of the whole nation, less cer- 
lition of patents, one is, that the patentees | tain things protected by patents expiring in 
gain no advantage—being ruined by opposi-| fourteen years. But these patents are the 
tion and lawsuits, in case of the invention | “ Naboth’s vineyard,”’ coveted by the lords 
being successful. of trade. 

This is the greatest farce of all, as ifland| But they may fairly say that amongst the 
property would be saferthan brain property, | numerous patents there are many fictitious 
were it protected by as bad and inefficient | ones, involving lawsuits, and thusjdeterring 
laws as patents are subjected to, and as if| them from the use of what is really common 


there were any difficulty in making as effi-| 
cient laws for patents as for books and de- 
signs, were only influential men interested 
in bringing them to pass, and lawyers not 
interested against them. 

Another allegation is, that the great mass 
of modern patents are useless. If they are 
useless they need not be coveted. If im- 
pedimental, they certainly must supply some- 
thing useful. But it is again alleged that 
they are frivolous. But is not trade itself 
widely frivolous? Yet what merchant is 
there who despises anything frivolous, pro- 
vided only large profit be mixed up with it ? 
What is more frivolous than the majority of 
theatrical farces, yet what is there more, 
carefully guarded against piracy? But, say 
the objectors, patents are granted for things 





stock. That is to say, the patent laws are 
bad laws, so bad, that were all laws equally 
bad, the nation would be in a condition of 
anarchy. To abolish the patents, instead of 
to reform the law, would be a procedent 
upon which we might abolish all laws. 

Let us begin at the beginning. Patents 
are virtually granted for something new and 
uséful, thereby to teach the public, and the 
reward for such teaching is a fourteen years’ 
exclusive right. What, then, is ‘‘ novelty?” 
There is nothing new under the sun, abso- 
lutely. The patent is really granted for 
something new to the existing generation, as 
an inducement for a skilled man to bring it 
into use. The title should, therefore, be 
put on a similar footing to that of land. A 
piece of unowned land, unclaimed for thirty 
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years, becomes the property of whoever may | tion, unknown to the patentee, it would be. 
occupy it, and forever. Therefore, supposing | come a question for the court to decide as 
patents to be in the interest of progress, ab-| to whether the public had been kept out of 
sence of public use for thirty years should | the knowledge furnished by the patentee, 
constitute a claim to anything useful as ajand if so, the patent should be confirmed, 





novelty for fourteen years, or such time as 
might be deemed equitable. 

Everybody of legal age should be compe- 
tent to apply for and obtain a patent, but as 
any preliminary examination and refusal 
might involve an accusation of nepotism or 
a contingency of error, not afterwards to be 
amended, it is desirable that protection 
should be granted, if desired by the appli- 
cant, after pointing out to him the defects ; 
and that the specification, after completion, 
should be put on open, not secret trial, by 
a competent judge, in the presence of the 
patentee, and the original fees should cover 
this cost. It is not desirable that a model 
should be put in at first, as involving the 
employment of workmen and the risk of dis- 
covery before protection is granted; and 
models being expensive, it is not fair to 
encumber the patentee with costs. 

The affirmation of the patent by the court, 
should preclude all further litigation as to 
title and right, the court itself taking the 
initiative, or acting at the instance of a com- 
plainant. 

Pecuniary damages should be dealt with 
by a magistrate, as in the case of copyrights, 
or by the ordinary courts of law. 

Fictitious patents abolished by the court, 
would cease to be a nuisance in the hands 
of sharking pretenders. There are very 
few patents requiring deep thought to ap- 
prehend them when produced, or any length 
of time, when legal quibbling is abolished. 

An inventor should not be bound to license 
other persons, for the reason that they might 
be rivals, only taking a license in order to 
damage his invention in public reputation. 
If an unreasonable man, he would damage 
himself by limiting the use. If a manufac- 
turer, he might be interested in selling at 
the lowest price without royalty profit, and 
thus as a small capitalist he might compete 
with great capitalists, by securing the trade 
in a better article. 

If the invention were a small item in a 
large machine, and the inventor required an 
unreasonable royalty, that would simply be 
a stimulus to other inventors to make other 
improvements, and this would be clearly in 
the interest of the public. 

In cases where the subject of a patent has 
been in private use previous to the specifica- 





subject to the use of the first user, but with. 
out giving to him the right to license earned 
by the patentee by his publication. 

No excuse of ignorance of a patent should 
be admitted asa plea or mitigation of in- 
fringement, because, with the full means of 
obtaining the records of the Patent Office, 
the ignorance must arise either from willful- 
ness or negligence. 

Patents are the Magna Charta of the ma- 
terial progress of a nation, by the agency of 
the rich brains of men, poor in practical 
capital, who can mould matter to man’s uses 
after new and useful fashions, just as copy- 
right is the Magna Charta of the nation’s 
progress by the agency of men of rich brains, 
who can mould language to men’s uses after 
new and useful fashions. When laws shall be 
made to take away this charter, and throw 
brains into common stock, one of the sources 
of England’s eminence, her true equality, 
will have departed from us, and the trade 
lords will find that their vitality has departed 
with it. They will compete with each other 
with increasing competition and lowering 
profits, till their trade becomes as wild land, 
which no one cares to cultivate. They will 
then find that the fourteen years mental en- 
closure, which induces men of thought to 
bring forth new things, is also one of the 
processes essential to profit, and that by 
abolishing it they ‘ kill the goose which lays 
the golden eggs.” 

Trade-marks are the legitimate arms and 
quarterings of a trade aristocracy, guaran- 
tees of honesty in execution, and which be- 
come valueless as a manufacture becomes 
debased. They are monopolies in one sense, 
as they enable the owners to keep to them- 
selves a large trade, so long as they keep up 
their character, and the law now jealously 
deals with their infringers. The patent is 
also a trade-mark, exclusive for fourteen 
years, enabling the owner to establish a re- 
putation for originality and improvement, 
and to keep his reputation when thrown into 
competition with rivals. And with patents 
confined to the owners of manufactories, that 
would simply be establishing a caste of ver- 
itable monopolists. 

The question has been dealt with thus far 
simply in the interest of the public, regard- 
ing the inventor merely as a part of the 
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public. But the true inventors are more 
than this—they are a select body of students, 
who furesee those things that the manufac- 
turing men of routine pass by blindfolded, 


and thus stir them up to action; and the! 


should be undersold in her indigenious man- 
ufactures, so long as her materials shall en- 
dure. Capital embarked in the growth and 
training of a workman, is profitable in pro- 
portion to the length of his working life, 


public is deeply interested in caring for these | and the faithful and honest work produced. 
men, and guarding their interests as their! The assumption that every patentee only 
own. From the trade point of view, the forestalls a number of other persons, who 
mere manufacturer only looks to the profit) would have discovered or planned the same 
per-centage attainable by the raw material | thing, may or may not be true, but this does 
into wrought, and would work up the whole| not concern the public. What the public 
raw material of the land, and afterwards | want is individuals who will work, and teach 
throw it into the sea, if realizing the per-| in the best mode he can, something new and 
centage thereby. It is this class of men/ useful; and daily experience tells us that 
that deteriorates our national manufactures | such individuals cannot be obtained save on 
in money competition, that makes rails as/| the condition of thereby obtaining a specific 
brittle as cast-iron, and delights in shoddy ; | sphere of action involving their own benefit 
that has no perception of, or care for pro-|as well as that of the public. Let any one 
gress, but only for money. 'try if, by simply publishing a new and use- 

It is not thus that the greatness of Eng- ful thing, he can get it taken up unless he 
land has grown; nor is it of the highest | canoffer anexclusive right withit. Neither 
importance that inventors should reap enor-|is there any probability in the assumption 
mous fortunes, albeit trifling in proportion | that all the principles of action have been 
to the gain to the general community ; but | discovered, and that the details are in every 
it is desirable that they should be in the un-| one’s hands. The tree of universal knowl- 


anxious position requisite for the most ad- | edge is yet far from having been plucked, 


vantageous pursuit of their studies and ex-| and it is to be desired that the men of sci- 
periments, as a result of their own labors. | ence, as well as the men of practice, should 

The nation in which all classes of its peo- | be not only recognized but rewarded, as the 
ple can rise in succession, according to their | benefactors of the community—not rewarded, 


faculties and cultivation, from the lowest as M. Chevalier proposed, by the State, but 
position to the highest, must ever be more | by the community. We do not want politi- 
powerful than a nation of castes, and a na-' cal inventors, with a Government reward as 
tion without laws efficiently protecting men- a compensation for something other than an 
tal as well as physical property, must degen- invention, and with their own friends to 
erate into a land of castes—or robbers. apportion it. We want for them the only 

There is yet another allegation on the part true appreciator, the public. 
of opponents of patents. Having to paya| There is no difficulty in remedying all the 
royalty in England, other nations paying no | evils complained of in the present practice 
royalty can undersell them. It is scarcely of patents. Forms of specifications can be 
so, for other nations are as desirous of hav-| prepared, embodying everything that is re- 
ing patents as English people are. Of the quired to be stated, leaving no loopholes, 
two republics, America and Switzerland, the | and preventing verbiage, giving an exclusive 
former abounds with patents, the latter has| privilege to make something useful, and 
none. The reason is, that in the former case| leaving it open to competition to make 
they are a function of the Federal govern-| something still better. The life of the in- 
ment, in the latter of every separate canton, | ventor patentee is no lazy life. He has the 
rendering patents a practical impossibility. | public fora master, and a very exacting mas- 
But citizens of Switzerland expatriate them- ter too, content with nothing but the best 
selves, and get patents here and elsewhere, | or the cheapest, and ever ready to abandon 
and it is probable that the patent branch of) its idol of to-day for its idol of to-morrow, 
legislation will be transferred to the Federal] | succeeding each other in constant following. 
government, and Switzerland will cease to| What do the long list of patens in the same 
be an exception to other civilized States. | arts mean, save that the human brain works 

With a climate and condition like that of only from step to step, eclipsing yesterday 
England, where workmen live longer and do by to-day, and thus preparing the way for 
more days’ work in every year than in most the morrow, a vantage-ground being gradu- 
other countries, it is impossible that she ally attained, till the process culminates in 
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an apparent perfection, at last found to be 
no perfection, when a fresh start is made to 
a new elevation. By the sweat of the brain 
within his brow, the inventor diminishes 
human labor and the sweat of many brows, 
for his own profit is out of the service he 
renders to mankind, who will not pay for 
anything they do not appreciate as useful or 
pleasant. No State reward is needed as a 
stimulus to this kind of labor. ‘Lhe inventor 
only asks to be let alone to reap the crops 
he has himself sown, secure against depre- 
dation. 

It was Prince Albert by whom the 
amended Patent Law, then being worked 
out by the Society of Arts, was finally urged, 
and it was Lord Granville who brought in 
the Bill and passed it through Parliament, in 
the course of a very few days, because it was 
believed that only thus could a number of 
latent inventors amongst mechanical men be 
brought to light for the benefit of the Great 
Exhibition. 1t was this Bill which, by re- 
ducing first cost, multiplied the number of 
patents, and put poor men on a level with 
capitalists. And it would appear that non- 
inventive capitalists would rather be without 
these patentees, and would prefer to buy up 
their inventions for their own purposes, and 
so limit the public choice in the market. 
Patents give a large market for constant 
improvements, which would not exist without 
them. All the large manufacturing towns 
and cities of England may be said to be 
built upon patents, and were patents abol- 
ished, the result would be similar to that of 
the abolition of the Edict of Nantes; the 
imaginative brains would depart from Eng- 
land, and settle down in the countries wise 
enough to understand their true interests. 
Viewed from the monopoly point, the wisest 
course the manufacturers could take would 
be, not to abolish patents, but to enhance 
their cost. If patents cost £5,000 each, 
with efficient laws to maintain them, every 
poor man would be shut out, and patents 
would become the practical monopoly that 
the manufacturers insist on calling them. 
But the motive would thus be too gross. 

The subject cannot be too widely dis- 
cussed, nor the facts elicited too clearly, for 
we cannot as a nation afford to risk our 
prosperity in order that a small number may 
grow richer at the general cost. We want 
a general diffusion of wealth, and not a 
greater aggregation in masses. Large man- 
ufactures tend to the growth of quantity 
rather than quality. Small manufactures 








| 


| 





tend to the growth of quality, and that dit. 
fusion of wealth so largely trenched on of 
late by the gigantic establisments which 
permit only two classes, the very rich and 
the very poor. The higher classes, living 
on incomes, the result of land or hoarded 
wealth, are deeply interested in the ques. 
tion, for it is a question of property right; 
and in the diffusion of property, rather than 
in its concentration, lies its safety. The 
convenience or profits of manufacturers js 
but a small consideration, as well as the 
convenience or profits of inventors. The 
national prosperity is the real question at 
issue. Shrewd Frenchmen tell us that we 
began patents some fifty years before them, 
and, therefore, they have never been able 
to overtake us. Were we now to abolish 
patents for fifty years, our human energy 
would be expended in producing original 
workers for all other nations, and excluding 
our own. 


THE BRITISH COAL SUPPLY. 


From the opening address of Sir Wu. G. Armstrone, 
before the Institution of Mechanical Engineers at 
Newcastle. 

The subject of coal follows, naturally, a 
notice of the steam engine, and has a special 
interest for us, in a locality celebrated, since 
its earliest days of coal mining, for the pro- 
duction of that invaluable mineral. Eng- 
land, with her innumerable steam engines 
and manufactories, is more dependent upon 
coal for the maintenance of her prosperity 
than any other nation, and the question of 
the duration of her coal-fields now very 
properly occupies the attention of a Royal 
Commission. The investigations of the 
Commission are not yet completed ; but so 
far as they have gone, the results are re- 
assuring. I concur in the probable accu- 
racy of the announcement lately made by 
two of my fellow commissioners, that the 
total quantity of coal in this island will 
prove to be practically inexhaustible ; but 
until the complicated details of quantities 
collected by the Commission have been put 
together, and expressed in totals, it is diffi- 
cult to judge with certainty or accuracy on 
the subject. 

Although the duration of our coal may, 
geologically speaking, be practically un- 
limited, we have still to consider the import- 
ant question, how long will England be sup- 
plied with coal as good and as cheap as at 
present? We have unquestionably made 
greater inroads into our best and most ac- 
cessible coal beds than other nations have 
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done into theirs ; and if foreign coals should 
grow better and cheaper, and ours dearer 
and worse, the balance may turn against us 
as a manufacturipg country long before our 
coal is exhausted in quantity. It is clear 
that our stock of good coal is very large; 
but most of it lies at great depths, and one 
of the most important questions the Royal 
Commission has to investigate is the depth 
at which coal can be worked with commer- 
cial advantage. 

The chief obstacle to reaching extreme 
depth is the increase in temperature which 
is met as we descend. I am justified, by 
ascertained facts, in saying that this rate of 
increase will, as a rule, prove to be not less 
than one degree Fahrenheit for every 20 
yards in depth, and there is reason to ex- 
pect that it will be even more rapid at 
greater depths than have yet been attained. 
The constant temperature of the earth in 
this climate at a depth of 50 ft. is 50°, and 
the rate of increase as we descend is to be 
calculated from this starting point. Adopt- 
ing these figures, you will find that the tem- 
perature of the earth will be equal to blood 
heat at a depth of about 980 yards, and, at 
a further depth of 500 yards, mineral sub- 
stances will be too hot for the naked skin to 
touch with impunity. It is extremely dif- 
ficult to form an opinion as to the maximum 
temperature in which human labor is prac- 





ticable, in the damp atmosphere of a mine, 
and it is almost equally difficult to deter- 
mine how much the temperature of the air, 
in the distant parts of an extremely deep | 
mine, can be reduced below that of the strata | 
with which it is brought in contact. It is | 
certain, however, that the limit of practica- 
ble depth will chiefly depend upon the me- | 
chanical means which can be provided for | 
relieving the miners of the severest part of | 
their labor; for maintaining a supply of) 
sufficiently cool air at the working faces of | 
the coal, and for superseding the use of 
horses, which suffer even more than men | 
from highly heated air. For the relief of | 
labor we must look to coal-cutting machines; | 


ments are removed from these machines, 
they will probably attain extensive applica- 
tion. One of the earliest attempts at coal- 
cutting by machinery, was described by the 
late Mr. Nicholas Wood, at the former 
Newcastle meeting of this Institution, and 
all the really practical results as yet obtain- 
ed date from that period. The cooling in- 
fluence of the expanding air as it escapes 
from these machines will be a collateral ad- 
vantage of considerable importance in the 
hot atmosphere of a deep mine. The air 
discharged from the pneumatic coal-cutting 
machines now in use in the Hetton Colliery, 
escapes into the mine at a temperature of 
seven degrees below freezing, and the cold 
air from each machine appears to be sufli- 
cient in quantity to lower the temperature 
of the circulating atmosphere by one de- 
gree. If, as seems to be probable, six or 
seven of these machines can be employed at 
each working face, we may by this means 
lessen the heat by a corresponding number 
of degrees, and thus afford very considera- 
ble relief. The employment of compressed 
air, asa motive power, in substitution of 
horse traction, is also quite feasible, and 
may be expected to become quite general in 
very deep workings. As regards ventila- 
tion, the fan machines of the several con- 
structions tried have already exhibited great 
superiority over the old method of ventila- 
ting by an upceast furnace shaft; and al- 
though the efficiency of the furnace system 
of ventilation is increased by depth, there 
is reason to believe that the fan will maintain 
its superiority to greater depths than are 
likely to be reached in mining. 


Ta BissELL TENDER Truck.—One of 
these trucks, put on the “ fast freight ”’ 
engine Elephant, of the Boston and Albany 
railroad, in January, 1868, has been run 
some 45,000 miles without any expense for 


repairs. The forward wheels, over which is 
the center bearing spring peculiar to Mr. 
Bissell’s improvement, are good for many 
thousand miles more of service, while the 


for improvement of ventilation to exhaust-| wheels of the rear truck, though carrying 
ing fans; and for the superseding of horses | less weight per wheel, had to be renewed 
to hauling engines driven by transmitted | some three months since. This fact, coupled 
power. | with its steadiness on the track ; unexampled 

The employment of coal-cutting machines, | ease in passing through curves ; saving of ex- 
worked by compressed air, conveyed into | pense in first cost, and general simplicity of 
the mine by pipes, is already an accomplish- arrangement, makes this device a favorite 
ed fact, and when the difficulties and the with all master mechanics who have used or 
objections which usually adhere, for a con-| seen it. Locomotive drivers all unite in de- 


siderable time, to new mechanical arrange-| siring it to be applied to their engines. 
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HYDRAULIC BUFFERS. 


From a paper read by Col. H. Cuerk, R. A., F. R. 
8., before the British Association, and entitled 
** Description of the Hydraulic Buffers and Exper- 
iments on the Flow of Liquids through Small Ori- 
fices at High Velocities.*? 

In consequence of a suggestion made to 
me in October, 1867, by C. W. Siemens, 
Esq., C. E., F. R.8., to try the effect of 
water to check the recoil of heavy guns, I 
submitted to the Secretary of State for War 
a compressor or buffer on the above prin- 
ciple. It has been tried with guns varying 
in weight from only 150 lbs. to 25 tons, and 
in all cases the results have been most satis- 
factory. The amount of recoil can be regu- 
lated to a great nicety, and the motion is 
smooth and regular. 

It consists of a wrought-iron cylinder 
closed at one end, the other end fitted with 
a cap and stuffing-box, through which a pis- 
ton-rod passes. The length of the cylinder 
and piston-rod are regulated by the amount 
of recoil required, on the space within which 

‘it is necessary to bring the moving body to 
rest. The piston fits well into the cylinder, 
and is perforated with four small holes. 

The ratio between the diameter of these 
holes and that of the cylinder is determined 
by the amount of work required to be per- 
formed in the water with which the cylinder 
is filled, enough air space being left to allow 
of the displacement of water by the length 
of piston rod due to the recoil. This air 
space also acts as an elastic buffer, and takes 
off the violence of the first impact of the pis- 
ton on the water. 

The cylinder is firmly attached to the 
platform on which the carriage recoils, and 
the end of the piston rod to the carriage 
itself, so that on the discharge of the gun 


which does not become thick except in yery 
cold weather, where Field’s non-freezing jj 
may be used. A small portion of caustic 
soda in the water has been found to keep 
the cylinder perfectly clean and free from 
rust for many months. 

The satisfactory manner in which this 
buffer has worked in checking the recoil of a 
gun of 25 tons weight, leads me to antici- 
| pate that it could be most usefully applied 
| towards preventing or very sensibly dimin- 

ishing the destructive effects of a railway 
collision, for as by means of this hydraulic 
buffer a force of impact varying from 12,000 
foot-pounds up to 54,000 foot-pounds has 
| been easily overcome in distances from 16 to 
| 60 in., and inclinations ranging from + 10° 
| to —4°, I see no reason why this principle 
|should not be extended to overcome a force 
of, say, 1,500,000 foot-pounds in 60 in, 

In checking the recoil of a gun, the velo- 
city to be dealt with seldom exceeds 10 or 
12 ft. per second, but in case of a railway 
collision it is very different, for we have 
then to deal with very high velocities. 

It is therefore necessary to ascertain how 
| the hydraulic buffer will act under these cir. 
cumstances. For this purpose I have been 
carrying on a series of experiments on velo- 
| cities up to 44 ft. per second, or 30 miles an 
|hour, and now forward a short account of 


| these for the information of the members of 
| the British Association. 

| ‘Two sets of experiments have been made, 
‘one with a cylinder 4 in. in diameter, the 
| other with a cylinder 8 in. in diameter. With 
| both the former the velocities tried were 10, 
| 15, 20, and 25 ft.; the second with weights 
| of 2,324, 1,162, and 581 Ibs., and with ratios 
| between the diameter of the cylinder and the 








the carriage drives the piston through the | holes in the piston of 15, 21, and 27. 


water with an initial velocity (V), while the | 


With the latter the velocities were 10, 15, 


water has to pass through the holes with an | 20, 25, 30, 35, 40, and 44 ft. per second; 


initial velocity (R V), R being the ratio be- 
tween the area of the cylinder and that of 
the holes. 

This buffer has not only been used with 


guns on shore up to 25 tons weight, but also | ae ; 
| releasing it (a small deduction has to be 


at sea, with light guns of only 14 ewt., and 
8 ewt. in boats, and lately with 9 in. guns of 
12 tons on board H. M. 8S. Prince Albert, 
in all cases with equal success. 

In place of water it has been recommended 
to use oil, as there is less chance of corro- 


sion taking place if the cylinder is kept full | 
| about two trucks’ length from the end of the 


for any lengthened period, and no danger of 
the fluid freezing in ordinary frost. The oil 
used for this purpose is Field’s Rangoon oil, 


the weights were 1,165, 2,324, and 4,648 lbs.; 
the ratios 15, 12, 9, 7, and 6. The veloci- 
ties were obtained by drawing a truck (loaded 
to the proper weight) up an inclined plane 
of 47° to the proper height, and suddenly 


made for friction). The truck ran down the 
slope, and, striking the end of the piston 
rod, drove it in till the resistance of the 
water overcame all the force of impact. 
The cylinder with piston rod drawn out 
was fixed to the bottom of the inclined plane, 





| slope, and was securely bedded in a block of 
wood, propped up behind to prevent its mov- 
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ing. Above the cylinder was fixed a light 
barrel, 6 ft. in length, made to rotate at the 
rate of one revolution per second, on which 


was fixed a sheet of drawing paper ; to the | 
end of the piston rod was fixed a pencil kept | 


in contact with the rotating barrel by means 


of a light spiral spring, so that at each col-| 
lision the piston rod transferred to the paper | 
a curve, showing the time occupied in pass- | 
ing over every portion of the space through | 


which it was driven. 


From these curves a series of Tables have | 
been formed showing the velocity of the pis- | 


ton rod for every 2 in. of the stroke. The 
diameter of the rotating barrel was 12 in., 


so that one second of time was represented | 


by a space of 37.7 in. Another pencil was 


attached to the truck in a similar way to the 


one on the piston rod; thus two motions 
were determined, the one of the pistons 
through the water, the other of the truck 
when in contact with the piston rod. 


A dise of Clarkson’s material (a combina- | 


tion of cork and leather) was fixed to the end 
of the piston rod, and another to the front 
of the truck, where it came in contact with 
the piston rod in order to deaden the force 
of the blow. Two discs of india-rubber were 


fixed to the wood block in which the cylin- | 
der was bedded, against which the truck | 


struck in those cases where the force was 


sufficient to drive the piston right home. | 
The amount that these india-rubber discs | 


were compressed was self-registered, and the 


value of such compression in foot-pounds | 
having been previously ascertained, we are | 
enabled to estimate the remaining force with | 
which the truck struck the cylinder block. | 


The same relative quantities of water and 
air were used in all the experiments. 

: : water...... 380.6 cubic in. 
In 4-in. cylinder ; aie ‘6 


Total capacity of cylinder 478.4 ” 
Diameter of piston rod 
. Tinday 9 Water. cece 
In 8-in. cylinder ; > alent 
Total capacity of cylinder 
Diameter of piston rod 2.375 inches. 
Ratio of thickness of piston to ? 9; tol “ 
diameter of holes..... mae 
Different descriptions of fluids, such as 
oil, glycerine, and methylated spirits, were 
tried as well as water. With a perforated 


piston the resistance of the water is not uni-| 
form, being greatest at the commencement, | 


or rather at that point where the air has re- 
ceived its maximum compression. It was, 


'therefore, considered desirable to try the 
| effect of uniform resistance, and Mr. Butler 
(Constructor R. C. D.) suggested a very 
simple mode of doing this. It consisted in 
fixing along the length of the cylinder four 
tapering rods, which passed through the 
holes in the piston; these holes were consid- 
erably enlarged, and the smallest end of the 
rod being towards the front, there was a 
large area for the water to pass through in 
ithe first instance, gradually diminishing in 
proportion to the decreasing velocity of the 
piston, thus keeping up an uniform velocity 
of flow through the holes. 
In order to get the effect of an air buffer, 
for the sake of comparison, a solid piston fit- 
ting well in the cylinder was also tried. It 
would exceed the limits of this paper to give 
all the tables of velocities and plates of 
curves, but I think the accompanying dia- 
grams will give an idea of the nature of the 
experiments. 
In Table I are included the results of all 
the experiments, showing the total length of 
stroke and time occupied in each case with 
| velocities up to 433 ft. per second. 
In Table II, I have shown a comparison 
between the actual results obtained and 
those calculated by the following formula, 
based on the assumption that the work done 
(on the water to produce a certain velocity is 
equal to that which has been expended in 
raising the water to the height from which 
it would have fallen to acquire the same 
velocity : 
co ae 
~ Aw R? 
L=length of stroke. 
W=weight of truck. 

A=area of piston. 

R=ratio of area of piston to orifice. 
V==velocity at impact. 

@=62.5 (weight of a cubic foot of water.) 
w=coefiicient of friction of piston-rod, Xe. 

e=coefficient of discharge. 


log 


} i? ya 
2 ({AwR’V 1} 


2gWoe 


The above formula applies when the action 
is on water alone, and the cylinder quite 
|full; a correction therefore is necessary on 
| account of the air space. 
| It appears, from experiment, that the air 
| is compressed into about three-fourths of its 
original bulk before any material resistance 
is offered to the piston. 
| Some trials were also made with the 4-in. 
cylinder quite full of water and a solid pis- 
ton, the water being driven out of the cyl- 
inder through a 1-in. hole at the end. 
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The ratio in this case was 16 tol. The 
difference between the length of stroke in 
this case and with the usual air space of 97.8 
cubic inches, equal to 7.7 in. in length of 
cylinder, was found to be about 6 in., allow- 
ing for the slight difference in the ratios 15 
and 16. In the case of the 8-in. cylinder 
the air space amounts to 424 cubic inches. 
This divided by the area gives 8.5 in. in the 
length of the cylinder, three-fourths of which 
is 6.4 in. <A correction, therefore, of 6.4 in. 
has to be added to the calculated length in 
the experiments with the 8-in. cylinder, and 
of 6 in. in the case of the 4-in. cylinder. 

The coefficient of friction, w, of the truck 
and piston was found by experiment to be 
.05 in the 8-in. cylinder, and .046 in the 
4-in. cylinder. 

The value of the coefficient of discharge, 
e, has been assumed as .58 throughout, but 
it appears that this value is not constant for 
all velocities and all weights. I am, there- 
fore, going to make some further experiments 
specially to determine this point, and also to 
ascertain the amount of irregularity caused 
by the compression of the cork discs. 

With these exceptions, the formula ap- 
pears to give results quite near enough for 
all practical purposes. 


er CoNnsTRUCTION OF HEAvy ARTIL- 
LERY.—The name of Mr. Lynall Thomas 
has for long past been associated with the 
development of the true principles of the 


science of artillery. Some ten years since, 
he started his theory of the nature of the 
action of gunpowder, which he calls the per- 
cussive theory. He has now, in a pamphlet 
of seventeen pages, developed this theory in 
a most skillful manner, and has laid down 
the true basis upon which heavy artillery 
should be constructed. In order to prepare 
our minds for the reception of his ideas, Mr. 
Thomas begins by sketching the theory as 
laid down by Robins and Hutton, and which 
was even by them considered faulty. Of 
course it must be borne in mind that those 
two students in this field of science labored 
principally with a view of ascertaining the 
effects of a discharge as far as the velocity 
of the shot and its curved path, ete., were 
concerned, and the errors of their theory 
were not brought forth in those startling col- 
ors which more recent experiments have im- 
parted to them. They had no such great 
and costly guns to deal with as we have now; 
and the bursting of one of their 32-pound- 


ers was not so serious a matter to them as; 





similar accidents, which are continually de- 
priving us of the substantial results of im. 
mense labor and expense, are to us. It soon 
became evident, on the introduction of heay 
rifled ordnance, that not only was something 
wanting to render the rules laid down in the 
old theory applicable, but that there was 
some radical and seriouserror. Large guns 
which had been constructed at a fabulous 
cost and were regarded as most perfect spe- 
cimens of mechanical ingenuity, exhibited 
such symptoms of premature decline, on be. 
ing tested by charges less than they were 
intended to carry, as to baflle the skill of the 
most experienced engineers. Some of these 
destructive engines bulged, and so became 
unfit for service; others, although presery. 
ing their external form, were found, after 
being used for a short time, to have con- 
tracted in some mysterious manner a steadily 
corroding disease, whilst others, again, in a 
still more alarming fashion, burst into frag- 
ments and disappeared with the charge that 
rent them. 

The profession was utterly unable to ac- 
count for these untoward mishaps. The el- 
der members of the profession, no doubt, 
congratulated themselves on having been 
educated in a school in which the construc- 
tion of such massive pieces was never con- 
templated, whilst the younger members es- 
caped from the dilemma by asserting that 
gunpowder was not subject to the control of 
the laws that regulate the operation of phy- 
sical or chemical forces. Jn fact, these ir- 
regularities were regarded as nothing more 
nor less than freaks of nature. It is from 
this painful state of uncertainty that Mr. 
Thomas promises to relieve us, and we have 
every reason to hope, from the suggestions 
offered in his pamphlet, that his promise will 
be performed. The word ‘ percussive ”’ con- 
veys to us as much information as names and 
definitions generally do. In the first place, 
it is laid down that the whole charge is not 
inflamed at one and the same instant. This 
important fact will not be disputed, as it has 
been already recognized by nearly every wri- 
ter on the subject. Mr. Thomas then pro- 
ceeds to assert that that portion of the 
charge which has been converted into gas 
impinges with a terrific velocity upon the 
shot, and begins to expel it before the whole 
charge is completely consumed, or its force 
fully developed. This fact, no doubt, in- 
duced Mr. Thomas to adopt the phrase “ per- 
cussive theory,” for, as he subsequently says, 
“the whole time that elapses between the 
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ignition of the charge and the expulsion of 
the shot from the pieces is scarcely sensible.”’ 
So far the action of the portion of the charge 
initially inflamed is of an impulsive or per- 
cussive nature, generating, as it does, velo- 
city in the shot in an indefinitely short period 
of time. After this we arrive at the gist of 
the whole theory. ‘* Whilst the shot is tra- 
yersing the initial space the rest of the 
charge is undergoing complete conversion 
into gas, and when such conversion has taken 
place the gas rushes forth in the direction of 
the axis of the bore.’”” This volume of gas 
by means of its kinetic energy condenses a 
portion of itself in that space that has been 
just vacated by the shot. 

Mr. Thomas then proceeds to narrate how 
he was induced by these considerations to 
make a series of experiments for the purpose 
of ascertaining the relation between the ini- 
tial velocity of the shot, its own weight, and 
that of the powder employed. Four laws 
are stated as the results of his observations. 
By the aid of these laws he deduces expres- 
sions for the initial velocity, the tensional 
strain, and the corroding effect of the pres- 
sure. It is then shown how the weights of 
the powder and shot may be varied accord- 
ing to circumstances without altering the 
strain on the gun. 

It must be confessed that there is some- 
thing very plausible in this theory; the 
principles which it embodies are being daily 
recognized by those who have had experience 
in gunnery. We hope that our authorities 
will soon take the important subject into 
consideration. We shall ourselves hail with 
delight the establishment of a theory which 
promises to ensure the safety and perfection 
of those mighty instruments for the preser- 
vation of peace, and to relieve us from the 
fear of having such gigantic offsprings of la- 
bor and ingenuity cut off by any more errat- 
ie freaks on the part of nature.—Mechanics’ 
Magazine. 


fJarine EnGineE Economy.—To that 
i large branch of the mechanical engi- 
neering profession whose members are de- 
signers or constructors of marine engines, 
nothing, at the late Newcastle meeting, 
could have afforded more interest than the 
fine ships building at Leslie’s (of Hebburn) 
for Lamport & Holt, and the remarkable 
engines, constructing by Robert Stephenson 
& Co., intended to push them 30,000 miles 
out and home between Liverpool and China. 
The ships—four in number, and intended for 





the tea trade—are each 315 ft. long, with 
proportionate beam and depth. The en- 
gines, designed by Mr. Alfred Holt, are 
unique. For each ship there is a compound 
engine, working upon a single crank—a 29 
in. high pressure, and 66 in. low pressure 
cylinder, with 4 ft. stroke of pistons. The 
high pressure steam is taken from boilers 
worked at 75 lbs. per sq. in.—boilers 9 ft. 
in diameter, and made of West Cumberland 
hematite plates, } in. thick, and double 
riveted on ail seams. It need hardly be 
mentioned that these boilers are fed from 
their own condensed steam, the surface con- 
densers being fitted with wood ferrules. 
There are two boilers in each ship, each 
boiler having two circular furnaces at each 
end, making eight furnaces in all for each 
vessel. Each furnace is 3 ft. 6 in. in dia- 
meter, and of proportionate length, the out- 
let from each furnace being through a short 
18 in. flue communicating with a combustion 
chamber at the mid length of the boiler. 
From this combustion chamber 90 tubes, 
each 4 in. in diameter, and 8 ft. 2 in. long, 
return to each front or furnace end, making 
180 tubes in each boiler, or 360 in all for 
the pair. The waste products of combus- 
tion are again led back, over the boiler, 
through a super-heater, to a chimney com- 
mon to both double boilers, with their eight 
furnaces. The cylinders themselves, a top 
high pressure and a bottom low pressure, 
are enclosed in a wrought-iron steam-jacket 
6 ft. or more in diameter. The details of 
these engines are cleverly designed, and the 
workmanship is all that a connoisseur would 
expect from the great house of Robert 
Stephenson & Co., who, by the way, ought, 
by this time, to be commissioned by the 
Admiralty. 

It is asserted, upon the best authority, 
that ships of the class under notice, with 
Holt’s engines, make their eleven knots an 
hour, month in and month out, and at a rate 
of consumption hardly rising to 2 lbs. of 
coal per indicated horse-power per hour.— 
Engineering. 


rail mill of Messrs. John A. Griswold 
& Co., Troy, is now turning out 60 to 70 
tons of steel rails per day. A part of the 
rails are rolled from hammered blooms, and 
a part from ingots bloomed and then re- 


Pes. or Street Raiis.—The 


heated before being rolled into rails. Sev- 
eral rail ends from each charge of steel are 
tested by blows from a 5-ton hammer. 
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THE ARMSTRONG SWING BRIDGE OVER THE 
OUSE. 
By Sir Witiiam E. Armstrong. 





support in the act of turning, but in some 
instances a central press has been anplied to 
relieve the rollers of part of the weight. 
Where single-leaf swing bridges are lifted 
by a central press, the deflection is taken 
off by letting down the bridge upon its solid 
bearing when closed; but in the case of 

The formation of the Hull and Doncaster | drawbridges and swing bridges not lifted by 
section of the North-Eastern Railway neces-|a central press, hydraulic machinery is ap. 
sitated the crossing of the river Ouse by an | plied to lift the overhanging end or ends so 
opening bridge, so as to admit the passage jas to take off the deflection after closing. 
of the important traffic carried on in large |The openings crossed by these various forms 


A paper read before the Institution of Mechanical 
Engineers at Newcastle. 





sailing vessels, 


that there should be not more than one pier 
in the navigable channel, with a clear open- 


ing of not less than 100 ft. on each side. 
The requisites of the railway and river traffic 


necessitated a construction that admitted of | lifted and turned amounts to 450 tons. 


being opened and closed very rapidly. It 
was also necessary that the power applied 
should be capable of controlling with great 
accuracy the momentum of so ponderous a 


mass, and hydraulic power, being so emi- 


nently qualified for this purpose, was there- 
fore selected as the agent. The instances 


in which hydraulic power had been previ- 
ously applied to the opening and closing of 
movable bridges are very numerous, amount- 
ing to upwards of fifty examples. 


of these bridges have been erected for the 
passage of railway traffic, both on main lines 


and branches, and they may be divided into | 


three classes. Ist. Swing bridges on which 


Most 


It was also necessary that | of bridges have varied from 30 to 100 ft. 


span. The heaviest bridge to which the 
/central lifting arrangement has been applied 
is one over the Regent’s Canal, near the 
London Docks, in which instance the weight 
In 
bridges with the central press, the head 
(of the lifting ram fits into an inverted cup 
“upon the bridge to allow of oscillating move- 
ment, and the bridge in swinging turns up- 
on the water by carrying the ram round 
with it. The pressure of water employed in 
the central hydraulic press is about 800 lbs, 
per square inch, and in the largest of these 
bridges the diameter of the ram turning up- 
on the water is 51 in. In most cases the 
bridges are in connection with a system of 
hydraulic pressure applied to cranes and 
other machines in the vicinity, the pressure 
being supplied in the usual manner by steam 
/engines pumping into accumulators. But in 





the bridge is lifted from its solid bearings | some few instances, where there is not such 
by a central press previously to being turned |a supply of power at hand, the pressure is 
by hydraulic pressure. 2d. Swing bridges | supplied by hand pumps charging the accu- 
on which the bridge rests upon a circle of|mulator, and thus storing up the power 
two rollers, and is turned by water pressure |ready for application whenever required. 
without being lifted. 3d. Draw bridges on| At the Ouse Bridge there was no supply 
which the movable platform is drawn back | of hydraulic power at hand, and in that in- 
and pushed forward in the line of the road-'stance the total power required was too 
way by means of hydraulic machinery. In' large to be supplied by hand labor. It was 
addition to the hydraulic bridges comprised | further necessary, on account of the position 


in these three classes, there is one example 
of abridge on the bascule plan being worked 
by hydraulic power. This is at Liverpool, 
over one of the dock entrances. The first 
hydraulic swing bridge was erected in 1852 


over the rivér Severn, on the Gloucester and | 


Dean Forest Railway, and the first hydrau- 
lic drawbridge was erected in 1853, over the 
river Tovey, on the South Wales Railway, 
near Carmathen. All the swing bridges 
which turn on a center pier, and span an 
opening on each side, have been made to 
turn on live rollers without being lifted ; 
because, in bridges of that construction, 
neither extremity can have any steadying 


of the swing bridge, either to convey the 
/power to the center pier by a pipe under 
the bed of the river, or to produce it upon 
_the pier by placing a steam engine within the 
pier itself, and the latter plan was adopted. 
| The total length of the bridge, fixed 
}and movable, is 830 ft. The fixed portions 
consist of five spans of 116 ft., from center 
to center of piers. The bridge being for a 
double line of railway, each span is com- 
posed of three wrought-iron girders of the 
bow-string form, the center girder having 4 
larger section to adapt it for its greater 
load. These girders have single webs, and 
are 9 ft. deep in the center. The total 
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a 
width of the bridge, een outside to wuteite, | 

is 81 ft. Each of the piers for the fixed 
spans consists of three cast-iron cylinders, 
of 7 ft. diameter and about 90 ft. in length. 

The depth from the under side of the bridge 
to the bed of the channel, in the deepest 
part, is about 61 ft. The headway beneath | 
the bridge is 14 ft. 6 in. from high water 
datum and 30 ft. 6 in. from low water. The | 
swinging portion of the bridge consists of 
three main wrought-iron girders, 250 ft. 
length and 16 ft. 6 in. deep at the center, | 
diminishing to 4 ft. deep at the ends. 


center girder is of larger sectional area than | 


the side girders, and, instead of being a/| stroke. 


989 


| pitch line, and is bolted to ) the outer circum- 
ference of the upper roller path. It gears 


' with a vertical bevel wheel, which is carried 


by a steel center pin, supported on the lower 
roller path. This is driven by a pinion 
connected by intermediate gearing with the 
hydraulic engine. ‘There are two of these 
engines, duplicates of one another, either of 
which is sufficient for turning the bridge. 
The force required to turn the bridge is 


| equal to about ten tons applied at the radius 


of the roller path. Each hydraulic engine 


The |is a three-cylinder oscillating engine, with 


simple rams 4} in. diameter and 18 in. 
These engines work at 40 revolu- 


single web, is a box girder 2 ft. 6 in. in| tions per minute, with a pressure of water 
width, with web plates ,% th to ;5,th in. in| of 700 lbs. per inch, and are estimated at 
thickness, and the top and bottom boom | 40-horse power each. The steam engines 

contains about 132 sq. in. of section. The| for supplying the water pressure are also in 
roadway is carried upon transverse wrought- | duplicate, and are double cylinder engines, 

iron girders resting upon the bottom flanges | driving three throw pumps 2.8 in. diameter 
of the main girders. In the center of the| and 5 in. stroke, which deliver into the ac- 
bridge the main girders are stayed by three | cumulator. The diameter of the steam cyl- 
transverse wrought-iron frames securely | inders is 8 in., and the stroke of the piston 
fixing them together ; and over the top of} is 10 in., each engine being 12-horse power, 
these frames a floor is laid, from which the | The accumulator consists of 165 in. ram, 


bridge man controls the movements of the 
bridge. An annular box girder, 32 ft. 
mean diameter, is situated below the center 


of the bridge, and forms the cap of the cen- 
ter pier; this girder is 3 ft. 2 in. in depth, 
3 ft. in width, and rests upon the top of six 


each 7 ft. 


diameter, 





cast-iron columns, 


with a 17 ft. stroke, and is loaded with a 
weight of 67 tons, the weight being com- 
posed of cast-iron segments suspended from 
a crosshead and working down in the cylin- 


| drical casing formed by “the center cylinder. 


For the purpose of obtaining a perfectly 
solid roadway when the bridge is in posi- 


which are arranged in a circle, and form the | tion for the passage of trains, and also for 


center pier of the bridge. Each of these | 
columns has a total length of 90 ft., being | 


| securing the perfect continuity of the line of 
rails, the following apparatus is applied: 


sunk about 29 ft. deep in the bed ‘of the | Each extremity of the bridge is lifted by a 
river. A center column, 7 ft. in diameter, horizontal hydraulic press acting upon levers, 
is securely braced to the other columns by a| forming a toggle joint, the piers having two 

set of cast-iron stays, which support the | rams acting in opposite directions upon two 


floor of the engine-room. This center col- 
umn contains ‘the accumulator, and forms | 
the center pivot for the rotation of the | 
bridge. The weight of the swing bridge is 
670 tons. There is no central lifting-press, 
and the entire weight rests upon a circle of 
conical live rollers. These are 26 in num- 
ber, 3 ft. diameter and 14 in. width of tread, 
and are made of cast-iron, hooped with steel, 
and they run between two circular roller 
paths 32 ft. diameter. These roller paths 
are 15 in., and are made of cast-iron, faced 
with steel; the axles of the rollers are hori- 
zontal, and the two roller paths are turned 
to the same bevel. The turning motion is 
communicated to the bridge by means of a 
circular cast-iron rack 123 in. wide on the 
face, and 6} in. pitch. It is shrouded to the 





toggle joint levers, which act one upon each 
side of the end of the bridge, and they are 
‘connected by a horizontal bar, which is con- 
fined by a stud sliding in a vertical guide, 
so as to ensure parallel action of the two 
toggle joint levers, and producing exactly 
parallel lifting of the two sides of the bridge. 
‘Three resting blocks, one under each girder, 
are pushed home when the end of the bridge 
is lifted by means of two separate hydraulic 
cylinders, and the bridge is then let down 
upon the resting blocks by the withdrawal 
of the toggle joint levers, and the bridge 
ends are then perfectly safe for trains to 
pass over. The hydraulic cylinders for this 
fixing gear at the two ends of the bridge are 
worked by the bridgeman from the center 
platform by means of two levers, and for the 
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purpose of enabling him to regulate the 
stopping of the motion of the bridge at the 
right place an indicator is provided, consist- 
ing of a dial upon a pedestal. This dial has 
two pointers, which are actuated by the 
motion of the bridge. One of these two 
pointers makes two revolutions, and the 
other 42 revolutions for one complete rota- 
tion of the bridge. These pointers are simi- 
lar to the hour and minute hands of a 
watch, the slower pointer being analogous 
to the hour hand, and the quicker one to 
the minute hand. The bridge has no stop 
to its movement, and would swing clear past 
its right position if the turning power were 
continued ; but the bridgeman, being guid- 
ed by the indicator, knows when to stop and 
reverse the hydraulic engines for the pur- 
pose of stopping the bridge at its right 
place. When this is done, a strong bolt, 3 
in. thick, in each end of the bridge, pressed 
outwards by a spiral spring, is shot into a 
corresponding notch in the fixed girder work, 
so as to lock the bridge; and when the 
bridge is required to be opened, these bolts 
are withdrawn by a wire cord leading to the 
platform on which the bridgeman is sta- 
tioned. As the accumulator is stationary, 
and the fixing gear at the ends of the bridge 
travels with the bridge, the communication 
of water power is made by a copper pipe 
passing up in the axis of the bridge through 
the middle of the center girder, having a 
swivel joint at the lower end. Also, as the 
hand gear for the bridgeman rotates with 
the bridge, while the hydraulic turning en- 
gines are stationary, the communication for 
working the valves is made by a copper rod 
passing down through the center of the 
above pressure pipe in the axis of the bridge. 
This rod is connected by levers direct with 
regulating valves of the hydraulic engines, 
and the engines are reversed in either direc- 
tion by the action of a small hydraulic cyl- 
inder, which is governed by the movement 
of a three-port valve, actuated by this rod 
from the bridgeman’s platform. The cylin- 
ders for working the fixing gear at the ends 
of the bridge are worked by valves placed 
upon the center platform in reach of the 
bridgeman, the pipes between the valves 
and the cylinders passing along the side of 
the roadway of the bridge. The time re- 
quired for opening or closing the bridge, in- 
cluding the locking of the links, is only 
half a minute, the average speed of motion 
at the extremities of the bridge being 63 ft. 
per second. For the purpose of ensuring 





safety in the working of the railway line 
over the bridge, a system of self-acting sig. 
nals is arranged, that is actuated by the 
fixing gear at the two ends of the bridge, 
and a signal of ‘all right’ is shown by a 
single semaphore and lamp on the fixed 
part at each end; but this cannot be shown 
until each one of the resting blocks and 
bolts is secured in its proper place. 

SypHon For DRAINING A TUNNEL.— 

The tunnel through the Blue Ridge, in 
Virginia, is 4,273 ft. long, and 700 ft. below 
the top of the mountain; on this account it 
was thought expedient to construct without 
shafts. This tunnel slopes from west to 
east, at the rate of 70 ft. to the mile, so 
that on the west side, the water, which 
proved very abundant and troublesome, had 
to be removed by artificial means. For some 
distance at the entrance, I determined to in- 
troduce a syphon of unusual length, which 
proved a difficult and, at the same time, in- 
teresting experiment. 

The whole length of the syphon is 1,792 
ft., viz: 563 ft. inside of the tunnel, and 
1,229 ft. outside. The level of the water 
inside is upwards of nine feet below the 
summit, and the fall outside 29} ft., so that 
the head is a fraction over 20 ft. Iron 
faucet pipes of three in. interior diameter 
were adopted. It was feared that larger 
ones would carry along too much air; and 
that the syphon would have to be fed too of- 
ten at the summit, an apprehension which 
the results observed seem to justify. A 
common faucet cock is placed at each end, 
to close the syphon when it becomes neces- 
sary to fill it again with water; and at the 
summit a large air vessel is provided to col- 
lect the air disengaged from the water, with 
a suitable opening at top, to let the air out 
and replace it with water; this opening be- 
ing closed by a cap tightly screwed down. 
At the bottom of the air vessel, there is be- 
sides a large cock, which is closed while the 
syphon is being fed through the top opening, 
so as not to interrupt the running of the 
syphon during the operation. 

The annexed diagram 
represents the air-vessel a; 
b is the cap; c the cut-off 
cock; e the main pipe or 
syphon; dis a glass tube 
for observing the level of 
the water. This, however, 
being often broken, was dis- 
pensed with at last ; the lev- 
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el of the water being easily ascertained by 
knocking against the air-vessel. 

Things being now disposed as described, 
it might be supposed that the discharge 
would have gone on uninterruptedly, requir- 
ing only a careful attention to replenish oc- 
casionally with water the air vessel; but 
such was not the case ; at first the joints had | 
been made tight by packing with oakum and | 
then thickly pitched over. The syphon was 
filled with water through the air-vessel, 
which being then closed and the ends open, | 
the water began to flow; but this did not) 
continue for more than five or ten minutes, 
when the air-vessel was found empty of) 
water, and had to be replenished at these | 
short intervals; moreover, notwithstanding | 
this tedious repetition of feeding the syphon, | 


some air may find its way under external 
pressure through the iron itself. 

A curious circumstance took place in the 
beginning: the tunnel having progressed 
much beyond the well of the syphon, and 
the water considerably increased, a horse 
power with chain pumps was constructed at 
the further end to pump up the water into 
troughs, by which it is led to the syphon 
well. Here, the syphon being insufficient 


|for this accession of water, another horse 


power was introduced to pump up water out 
of the same well. As soon, however, as the 
chain pumps began to revolve in the well, 
the syphon suddenly stopped and we were 


|obliged to dig a separate well for it ; since 


which time both have worked well. 
The syphon, by actual measurement, when 


it would ultimately run dry in about two | just replenished, discharges 43} gallons per 
hours. | minute, whereas, all known formulz give be- 
This was a truly discouraging circumstance ; | tween 54 and 60 gallons, and furthermore, 
we ascribed it to the fact that, there being| in ‘‘ Weale’s Kngineers’ and Contractors’ 
upwards of 200 joints, air was introduced in | Companion,”’ occurs this conflicting remark, 
small bubbles through the oakum packing | taken from R. A. Peacocke’s work : 
by the external pressure at every joint,and| ‘ By Dr. Young’s formula (considered by 
that it accumulated rapidly all along, espe-| him the best)— 
cially in the longer arm of the syphon, which | A 5-inch pipe would be used where a 34 would suffice. 
soon became too light. Accordingly, we de- | 7 « « ‘6 “ 65 ‘ 
cided not to abandon the enterprise, but to) 10 “ 7 
caulk the joints with lead in the usual way,| | ad 
which was not done before for motives of| and then he goes on to show the useless ex- 
economy, and because, it being only a tem-| penditure resulting from pipes too large be- 
porary fixture, it would have been more eas-| ing used in obedience to these formule. But 
ily taken apart. |here in this extraordinary long syphon, his 
This operation was not yet entirely suc-| opinion is not sustained, and we find, on the 
cessful, though the caulking was made so | contrary, the discharge is less than the for- 
hard that many of the bells broke in pack-| mule give; and that neither they nor Mr. 
ing, without making the joints perfectly im- | Peacocke’s rules are applicable to this case. 
permeable. Then a cement was made of} The syphon I have described is, I believe, 


< 
ce 


“ec 
“ce 


ce 
ce 


ce 
ce 


| 


equal parts of white lead and red lead 
mixed to the consistency of soft putty, with 
equal quantities of Japan varnish and boiled 
linseed oil. This cement, carefully coated 
over the joints, made them at last perfectly 
tight. The syphon, thus improved, runs 
now regularly. Still the air-vessel must be 
replenished with water every two hours, 
which is done by a pipe leading from a 
spring, and, moreover, every six hours the 
ends must be closed, and the whole syphon 
filled in anew with water; otherwise it 
would run dry.* It is probable that, owing 
to its being so long, and consequently so 
level, bubbles of air travel along very slowly 
and increase in size gradually; possibly 





| 





* Would not this be remedied by making the air- 
vessel self-acting like the air valves sometimes used 
on water mains?—Note by J. C. Trautwine. 


the longest ever attempted to be used, and 
on this account the results and anomalies it 
presents are somewhat interesting. It cer- 
tainly has rendered considerable service in 
the Blue Ridge Tunnel; with no other cur- 
rent expense than the employment of a man 
to attend to the air-vessel.—Col. C. Crozet 
in Journal Franklin Institute. 


ESTING RAILS AND AXLEs.—A suita- 

ble movable anvil, to be placed tempora- 
rily upon the flat anvil of a heavy steam- 
hammer, makes a convenient testing ma- 
chine. It has been proved by experiment 
that a 5-ton hammer falling 20 inches upon 
a rail having one foot bearings, is about 
equivalent to a 1-ton weight falling ten 
feet upon a rail having three feet bear- 
ings. 
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ON THE THERMAL ENERGY OF MOLECU- 
LAR VORTICES. 


Abstract of a paper before the Royal Society of Ed- 


inburgh, by W. J. Macquorn Ranking, F. R. S., | . ¢ 
| by computing in what proportion the dynam. 


&e. 


—, es 
perfectly gaseous state, experiment shows 
the proportion in which the whole energy 

oY 


| exceeds that of the steady circulation, to he 


sensibly constant ; and its value may be found 


In a previous paper, presented to the Royal | ical value of the specific heat at constant vol. 


Society of Edinburgh in December, 1849, 


(Trans. vol. xx.), the author deduced the 
principles of thermodynamics, and various 
properties of elastic fluids, from the hypoth- 
esis of molecular vortices, under certain spe- 
cial suppositions as to the figure and arrange- 
ment of the vortices, and as to the properties 
of the matter which moves in them. In 
subsequent papers he showed how the hy- 
pothesis might be simplified by dispensing 
with some of the special suppositions. In 
the present paper he makes further progress 
in the same direction, and shows how the 
general equation of thermodynamics, and 
other propositions, are deduced from the hy- 
pothesis of molecular vortices, when freed 
from all special suppositions as to the figure 
and arrangement of the vortices, and the 
properties of the matter that moves in them, 
and reduced simply to the following form: 
that thermometric heat consists in a motion of 
the particles of bodies in circulating streams, 


and read on the 5th of February, 1850 | 





with a velocity either constant or fluctuating 
periodically. This, of course, implies that 
the forces acting amongst those particles, are | 
capable of transmitting that motion. | 
The principal conclusions. arrived at are | 
the following : | 
1. In a substance in which the action of | 
the vortices is isotropic, the intensity of the 
centrifugal pressure per unit of area, is two- | 
thirds of the energy due to the steady cir- | 
culation in an unit of volume. The centri- | 
fugal pressure is the pressure exerted by the 
substance in the perfectly gascous state. 
2.* If there be substances in which the 
action of the vortices is not isotropic, then | 


in such substances the proportion already | 
stated applies to the mean of the intensities 
of the centrifugal pressures in any three 
orthogonal directions. 

3.* The proportion which the whole energy | 





ume exceeds once anda half the quotient 
found by dividing the product of the pressure 
and volume by the absolute temperature, 
*The following are examples :—air, 1.634; 
nitrogen, 1.630 ; oxygen, 1.667; hydrogen, 
1.614; steam-gas, 2.242. . 

6. The known general equation of ther. 
modynamics is deduced from the hypothesis 
of molecular vortices, *freed from the special 
suppositions made in the paper of 1849-50, 

The new conclusions obtained in the pre- 
sent paper are marked *. Those not so 
marked were arrived at in the paper of 1849. 
50. 

The general equation of thermodynamics 
is here stated for convenience ; let dQ be the 
thermal energy which must be given to unity 
of mass of a given substance, in order to 
produce a given indefinitely small change in 
its temperature and dimensions: then— 

dQ=7 do; 
in which 7 is the absolute temperature, and 


@ the thermodynamic function. The value 
of that function is— 
dU, 


¢=Jc hyplog + + y (tr) + 7 


Jc being the dynamical value of the real spe- 
cific heat; U, the potential energy of the 
elasticity of the body at constant tempera- 
ture; and y (rT), a function of the absolute 
temperature, which is null or inappreciable 
in a substance capable, at that temperature, 
of approximating indefinitely to the perfectly 
gaseous state, and is included in the formula, 
in order to provide for the possibility sug- 
gested by Clausius, that there may be sub- 


| stances which have not that property at all 


temperatures. 


HE CoNnNECTICUT WesTERN RalL- 
ROAD, a link in the Boston, Hartford 


of the vortices, including that of the peri-|and Erie, now building, will undoubtedly 
odic disturbances, bears to the energy of the | pay as a trunk line, but its chief value to 
steady circulation alone, may be constant or | the public, and ultimately to shareholders, 


variable. will be the facilities it will afford for bring- 
4. Absolute temperature is proportioned | ing cheap coal to the many manufacturing 

to the energy of the steady circulation in| villages of Connecticut, and for carrying the 

unity of mass, and to the specific volume in | excellent iron ores of the Salisbury and ad- 

the perfectly gaseous state. jacent regions to the Hudson river, there to 
5. In substances which are nearly in the | be smelted with anthracite coal. 
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“AVELING & PORTER'S TRACTION | of the world—in the timber yard, at the coal- 
ENGINES. | field, the copper mine and the stone quarry, 


where they are doing the work of horses at 

AGRICULTURAL LOCOMOTIVES AND TRAM- |}... than half the cost. 
as | The illustrations accompanying this arti- 
The subject of Traction engines as loco- cle are perspective views of road locomo- 
motives for ordinary roads and for agricul- tives and tramway engines as manufactured 
tural and other purposes, is attracting a by Messrs. Aveling & Porter, of Rochester, 
large amount of attention in this country, | England, and 43 Exchange Place, New 
but certainly not more than its vast im-| York, who are amongst the most successful 
rtance entitles it to. In the London Ex- | English makers of this description of engine. 
hibition of 1851, there was not one Traction | Aveling & Porter’s Patent Road Loco- 
engine, and it was the general belicf that | motive engine is arranged with double gear- 
none could be contrived to answer any com- | ing to travel at two speeds, viz: 2} miles 
mercial purpose. In the London Exhibi-}and 5 miles an hour. The working parts 
tion of 1862, nine of these engines were ex-|are housed in from the influence of dust 
hibited. At the Royal Agricultural Socie-|and weather. This engine has one cylin- 
ty’s meeting at Canterbury in 1860, Mr.|/der placed on the forward part of the 
Aveling, of Rochester, exhibited a self-pro-| boiler and surrounded by a steam-jacket, 
pelling engine, but it was regarded with in- | at the top of which is placed the throttle-valve. 
difference by the officers of the society, and | Priming in ascending steep inclines is there- 
was catalogued with the “ miscellaneous” |by prevented, and the use of steam-pipes, 
articles. either inside or outside the boiler, is avoid- 
Since that time, however, the importance |ed. Engines with single cylinders and re- 
and advantages of self-propelling engines | versing gear when connected to the driving 
over the ordinary “Portable engines,” which |axle by means of Aveling’s patent chain 
have to be conveyed from place to place by | gear, have proved themselves to be thor- 
horse-power, or otherwise dragged heavily |oughly efficient, more powerful, less com- 
along by a vast expenditure of manual labor, | plicated, and in many respects better adapt- 
is an admitted fact, and not only are these |ed for general traction purposes than en- 
Traction engines employed for agricultural | gines with double cylinders. The driving- 
purposes, but they can be seen in successful | wheels are 6 ft. 6 in. diameter, and 18 in. 
operation in England and many other parts} wide, and have spaces in the face in order to 








Aveling & Porter’s Patent Road Locomotive or Traction Engine. 
Vou. I.—No. 11.—65. 
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fix on angle-iron paddles when passing over | 
soft ground. Small castings slide into these | 
spaces when the angle irons are not in use. | 
Either of the driving-wheels can be rotated 
at pleasure, which is a great advantage in 
turning sharp curves. The tanks carry wa- 
ter and fuel for a run of from six to ten miles, 
according to the speed. A powerful fric- 
tion-break is connected with the driving 
axle, and the patent arrangement for steer- 
_ ing the engine is perfect in its action. 

A most elaborate series of experiments 
have been lately made with one of Aveling 
& Porter’s road traction engines, ‘‘La Ville 
de Senlis,’’ at Beaurain, France. The ex- 
periments were conducted by M. Tresca, 
Engineer, Sub-director of the Conservatoire 
Impérial des Arts-et-Métiers, Paris, and ap- 
proved by the Director-General, Moran. 
The experiments moreover were made in 
concert with Professor Fleeming Jenkin, F. 
R. S., London, whose presence gives to the 
results arrived at, a character of security 
that increases their importance. 

Soon after the Paris Exposition of 1867, 
a number of experiments having for their 
purpose the testing of the tractive power of 
Aveling’s engine, were made with the en- 
gine “ Pioneer,” and these have been lately 
supplemented by more detailed and search- 
ing tests applied to the engine ‘‘ La Ville 
de Senlis,’’ manufactured by the same firm. 
The report, which isa very lengthy and | 





carefully compiled paper, concludes as fol- 
lows : 

“To sum up. The engine (La Ville de 
Senlis) drew in a regular manner, upon a 
good road slightly undulating, a total load 
of 60,000 kilog. (59 tons). The co-efficient 
of traction may be approximately estimated 
at z'5, which would bring the mean strain to 
nearly 2,000 kilog. (393 cwt.) taking into 
account the weight of the locomotive. 

“ This mean effort, developed at a speed of 
1.108 m. (3.54 feet) per second, brings the 
valuation of effective work to 2,160 kil. met, 
(15,623 foot-pounds) per second, or to 28 
chevaux vapeur (27.61 horse-power). This 
figure will appear high if it be compared 
with the consumption of fuel, which was 184 
kilogrammes, (3 c. 2 q. 13 Ibs.) in three 
hours and three minutes, say 60 kilog. (132. 
25 lbs.), per hour of actual traveling. This 
consumption represents only 2 kilogrammes 
(4.40 lbs.) of coal per horse-power and per 
hour. 

“ The corresponding consumption of water 
is not less than 600.46 liters (132.22 gal- 
lons) per hour of actual traveling. With 
the present tenders, which can hold 1,800 
liters (396 gallons) of water, it is necessary 
to replenish them every 10 or 12 kilometers 
(64 to 74 miles). 

** The co-efficient of adherence may be es- 
timated on the road gone over at .3 of the 
adherent weight. 


Aveling & Porter’s Agricultural Locomotive. 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


* 995 





——— 


“The adherence resulting therefrom was 
only necessary for the working of the engine 
up inclines of .030 to .033 (1 in 33 to L in 
30) and at starting. 

“The load of 81,253 kilogrammes (793$ 
tons) which the engine drew on level ground 
is not the limit of what it can draw under 
these conditions. 

«The speed of four kilometers (2.48 miles) 
per hour appears suitable for fraffic of this 
nature, and renders the manceuvers so easy 
that the train is well managed by a superin- 
tendent, an engine driver, and an assistant 
solely employed to guide the steering wheel 
in front. 

“Done by the Engineer, Sub-Director 
of the Conservatoire Impérial des 
Arts-et-Métiers. 

“Paris, 15th January, 1868. 

“H. TRESCA. 

“ Approved—The Director. 

“GENERAL Moran.” 


It is upon the general principles adopted 
in the manufacture of Aveling & Porter’s 
road traction engine, that their agricultural 
locomotive has been designed. The second 
illustration gives a view of this machine, 
which is especially adapted for steam culti- 
vation, thrashing, sawing, pumping, and re- 
The boiler is 


moving agricultural produce. 
unusually large; it is clothed entirely with 
hair felt, lagged and covered over with sheet- 
iron, and proved to a pressure of 200 Ibs. to 


the square inch. Want of heating surface, 


\and the use of steam pipes inside the boiler, 
causing loss from leakage and waste in re- 
heating the exhaust steam on its passage to 
the atmosphere, are serious faults common 
in agricultural engines. In this engine the 
cylinder is placed on the forward part of the 
boiler, surrounded by a steam-jacket, and 
with arrangements otherwise similar to 
Aveling’s road locomotive. The driving 
wheels are 5 feet 6 inches diameter, and 
16 inches wide. The engine is capable 
of taking a load of from 10 to 15 tons 
over ordinary roads. There are 400 of these 
engines in use in England and many coun- 
tries of the European continent, and the tes- 
timony of the best and most competent 
judges affirms the superiority and economy 
of the agricultural locomotive over all des- 
criptions of engines used for farm purposes. 
The simple “ Portable engine,” without any 
capacity for propelling itself, is but a small 
‘half measure ’’ towards economy, and the 
| difference in the cost of a locomotive and an 
‘engine which necessitates the expenditure of 
much time and expense for its removal is so 
trifling when compared with the advantages 
|gained by the newer methods, that there is 
‘little doubt of the ultimate adoption in this 
‘country of a plan that has proved so entirely 
‘successful abroad. The prize medals of the 
|International Exhibition, London, 1862, 
}and the Universal Exhibition, Paris, 1867, 
'were awarded to this engine. 

The third illustration exhibits a locomo- 





Aveling & Porter’s Patent Tramway Engine. 
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By Joun Paivusrs. 
From ‘‘ The Builder.’? 


”, Invenlion.—He who first filled a glass 
bottle with a liquid, leaving a small quan- 
tity of air therein to form a bubble, then 
corked the bottle and laid it flat on one 
side, with the bubble floating against the 
upper part, was the unconscious inventor of 
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tive so constructed as to be worked upon an | 
ordinary tramway, and may be described as 
a traction engine placed upon railway wheels, 
these wheels being coupled by the pitch- 
chain, which is employed to communicate 
the motion to them. These engines are 
made from 4 to 30 horse-power. From the 
crank-shaft the motion is communicated by 
spur gearing to a countershaft, carrying at. 
its end the wheel for the pitch-chain, the 
bearings of this shaft being placed in curv- the spirit-level, which is a very simple in- 
ed slots formed in the supporting brackets, | strument in appearance, but of the utmost 
so that the shaft can be raised and the chain | value, when properly made, to the astrono- 
tightened when necessary. Thecrank-shaft| mer, the engineer, and the builder; for 
carries a fly-wheel, and the engine is fitted | when the bottle is placed horizontally, the 
with Aveling’s usual link-motion reversing | bubble always mounts to, and rests at, its 
gear. The pitch-chain extends from the | most elevated point; and the tangent to 
countershaft around the chain wheels, fixed | that point, when the middle or apex-point 
one inside each of the carrying wheels, and | of the bubble coincides therewith, is a hori- 
the chain thus couples the wheels together, | zontal line; that is, a line at right angles, 
as well as communicates the motion of the | or perpendicular to the direction of gravity 
countershaft to them. The carrying wheels | or the plumb-line passing through that point. 
are 4 ft. diameter, and are placed ata dis- | This was first perceived and applied, so 


tance of 5 ft. 3 in. apart from center to cen- | far as is known, in France in 1666, by Mel- 
ter, the leading axle passing under the bar- | chisédee Thévenot, who was a great amateur 
rel of the boiler, and the trailing one being | of science, and a writer of books of voyages 
placed behind the fire-box casing. 
wheels are of cast-iron, and the total weight | 


The |and travels. In this respect he enriched 
the literature of France as much as Hakluyt 
of the engine (a 10-horse power) 9 tons. | enriched that of England half a century ear- 
These engines have the same advantages as/lier. It was at Thévenot’s house that the 
portable and stationary engines for pump-| learned men who founded the Academy of 
ing, sawing, and driving fixed machinery ; | Sciences at Paris used to assemble ; and it 
they are capable of taking heavy loads at | was at one of their meetings that he pro- 


the rate of six miles per hour, and at a cost | 
of three farthings per ton per mile. They | 
are in use in Her Majesty’s dockyards at | 
Chatham, Portsmouth and Davenport, and 
in many mines, quarries, brick-fields and 
other large works in England and other Eu- 
ropean countries. 

In all parts of the United Kingdom are 
to be found these tramway engines; and 
horse-power, which was formerly employed 
for working in mines and quarries, has, in a 
great number of cases, been replaced by 
locomotives, and the cost of traction has 
thereby been materially reduced. 

Altogether these engines have given abun- 
dant proof of being well adapted for use in 
quarries and similar places where heavy 
loads have to be moved at slow speeds, and 
in such situations it appears that they will 
do the work at about half the cost incurred 
by the employment of horse-power. W. 

HE BAD COAL BURNING on most of our 


T 
locomotives is a waste of money,a nuisance 





to passengers, and a disgrace to managers. 


pounded the spirit-level. 
A description of the instrument, accom- 
panied with figures, was first published in 


|the ** Journal des Savants,’’ Paris, Novem- 


ber 15th, 1666, under this title: ‘‘ Machine 
nouvelle pour la conduite des eaux, pour les 
batiments, pour la navigation, ct pour la 
plupart des autres arts.” The instrument 
is there called an air-level ; and is described 
as a glass tube, hermetically sealed at both 
ends, containing spirits of wine, which do 
not freeze, and a small quantity of air form- 
ing a bubble. It is stated that the instru- 
ment is capable of giving, with much exact- 
ness, the direction of the horizon, the per- 
pendicular to the horizon, and vertical angles; 
and that it is easier to make, more conven- 
ient to use, and indicates « level line more 
readily and accurately than any other instru- 
ment. One figure represents the tube charg- 
ed with liquid, and an air-bubble; a second 
shows it fitted, under the center part, with 
a spindle dropping into a socket fixed ona 
staff so as to turn in any direction, and with 
sights on the ends for leveling to long dis- 
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tances; a third represents it fixed to a 
square, and a fourth to a short flat bar of 
wood, as levels for workmen; and a fifth 
shows it fixed to a quadrant for navigation. 

In this first publication the inventor is 
not named. But in a small work, called 
«Recueil des Voyages de M. Thévenot,” 
Paris, 1681, there is a description of the 
instrument by Thévenot, preceded by a 
statement that he invented it fifteen years 
before that time; and that he then gave a 
description of it to the public. This agrees 
with the description in the “ Journal des 
Savants,” referred to above, which no doubt 
was written by Thévenot himself. He also 
states that soon after its invention an ac- 
count of it was sent to the Royal Society of 
London. The celebrated Dr. Hooke was 
then a constant attendant at the meetings 
of this body. By this means he became ac- 
quainted with it; and seeing that it would 
be of the greatest advantage to astronomy, 
to navigation, to engineering, and to build- 
ing, he had some excellent tubes prepared, 
and applied them to various instruments ; 
and he subsequently produced the spherical 
spirit-level. From this circumstance the 
invention of the spirit-level, now in common 
use, has been ascribed to Hooke, but it is 
undoubtedly due to Thévenot. Much merit 
is due, however, to Hooke for aiding to per- 
fect it, and to apply it to science. He was 
the best practical mechanician of his time, 
as is evidenced by his numerous valuable 
inventions. He, as well as Wren, whose 
name is displayed in the most prominent of 
red-letters on the fame-roll of British archi- 
tects, were contemporary with Newton; and 
both Hooke and Wren were within an ace 
of seeing and propounding the principle of 
universal gravitation at the moment when 
the great intellect of Newton had grasped 
and mastered it,—dispelling forever the 
mist that had obscured it. 

As, however, the instrument was new, 
and there were difficulties in constructing it 
with precision, nearly a century elapsed be- 
fore those difficulties were removed, and it 
obtained the preference it merited over the 
water-levels and plumb-levels then in use, 
as well as over those that were invented 
during the interval, most of which are 
now almost forgotten. It was first practic- 
ally employed in this country, in 1756, by 
Smeaton, for leveling the foundation and 
courses of stone of the noble lighthouse 
which he designed and erected on the Eddy- 
stone. Thévenot’s simple glass tube is now 





applied to nearly all the instruments used 
in leveling, and it is the level par excellence. 

Its Construction.—The spirit-level, as or- 
dinarily constructed, consists of a short 
cylindrical glass tube, whose interior sur- 
face is, or should be, ground to a slight reg- 
ular curvature lengthways, and then pol- 
ished. The curvature, which is much exag- 
gerated in the figure, is almost imperceptible 
in the tube, the radius being from 300 ft. to 
600 ft. The tube is nearly filled with a 
very limpid liquid, leaving a small space 
occupied by an air-bubble. The open ends 
are then hermetically sealed by melting the 
glass around them with the blow-pipe. 

Alcohol or sulphuric ether, whose specific 
gravities are respectively .792 and .715, wa- 
ter being 1.000, are preferred for charging 
the tube, because these liquids are much 
lighter, possess the property of fluidity in a 
higher degree, and are more sensitive than 
any others. Moreover, intense frost does 
not affect their fluidity—no observed degree 
of natural or artificial cold having ever 
frozen them; and they also have the prop- 
erty of wetting the glass more readily and 
completely than other liquids, owing to the 
greater capillary affinity subsisting between 
them and the glass. 

If the tube’s curvature were the same as 
the earth’s curvature, the upper line or sur- 
face of the liquid would be truly level, and 
therefore no part of it would have a ten- 
dency to fall, or seek a lower position ; nor 
would the bubble, which is considerably 
lighter than the liquid, have a tendency to 
rise or seek a higher one, but would remain 
uninfluenced at any part, because the action 
of gravity upon the surface of the liquid 
would be everywhere precisely equal. It is 
essential, therefore, that the tube should be 
made not only of equal bore, or perfectly 
cylindrical throughout, but with a uniform 
and sensibly convex curvature, lengthways, 
in order that the middle or apex-point of 
the bubble may rise to, and rest at, the 
middle or apex-point of the are. 

As, then, the bubble moves in an are of a 
circle convex upwards, it may be regarded 
as a plummet of air, analogous to a plum- 
met of metal or a pendulum swinging in the 
are of a circle convex downwards; and the 
center of gravity of the bubble is brought to 
rest, by the earth’s attraction, in the verti- 
eal line passing through the center of the 
circle in the arc of which the bubble moves, 
the same as the center of gravity of the 
plummet or the pendulum is brought to rest, 
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also by the earth’s attraction, in the vertical 
line passing through the center of the circle 
in the are of which the plummet or the pen- 
dulum swings, or through the point from 
which they are suspended. When, there- 
fore, the apex-point of the bubble coincides 
with the apex, or zero-point, as it is called, 
of the tube, which is marked thereon, or the 
ends of the bubble mark equal distances 
therefrom, the instrument is in adjustment— 
that is, the tangent to the tube at the zero- 
point is horizontal, or at right angles to the 
vertical passing through that point. 

Two symmetrically divided scales are 
usually engraved across the top surface of 
the tube—one on each side of the zero-point, 
or one from each end of the bubble when its 
apex-point is identical with the zero-point ; 
so that when the bubble marks equal divis- 
ions on the scales, the tangent to the are at 
the zero-point, as also a visual ray, a straight 
edge, or a line parallel thereto, is horizon- 
tal. When, on the contrary, one end of the 
tube is raised above the other, the bubble 
runs from the zero-point towards the elevat- 
ed end, and the tangent to that point, or the 
visual ray, the straight edge, or the line par- 
allel thereto, inclines upwards in one direc- 
tion, and downwards in the other, from exact 
horizontality, while the tangent to the are 
at the apex-point of the bubble, wherever 
situated, remains horizontal. 

When, therefore, the radius of curvature 
of the tube is known, the seales across the 
tube are capable of measuring vertical an- 
gles with the same accuracy as a sector, 
whose radius is equal to the radius of the 
tube’s curvature. Thus, when the apex- 
point of the bubble deviates from the zero- 
point of the tube, the value in seconds of 
the angle contained between the horizontal 
tangent to the bubble’s apex-point, and the 
tangent to the tube’s zero-point is 


nv x, deviation of bubble. 

SORES" X Sr lear. ol take 
For example, let the bubble’s deviation from 
the zero-point be three divisions of the scale, 
or *, of an inch, and let the tube’s radius 
of curvature be 300 ft.; then we have 
206265” « 43 = 206265” x .01 = 2062” 
.65 = 34’ 22” .65, the value of the angle 
from horizontality. 

The radius of curvature of the tube may 
be found by the formula 


d 
R=£D; 


where R is the radius, d the deviation of the 





bubble, 2 the height traversed on a distant 
staff by the run of the tangent from the 
tube’s zero-point to the bubble’s apex-point, 
and D the horizontal distance from the bub. 
ble’s apex-point to the staff. Let d= .5 inch, 


h=1 inch, and D= 600 feet ; then R = - D 


=} x 600 = .5 X 600 = 300 feet. 

Hence the longer the radius the less will 
be the curvature of the tube, and the more 
sensible will be the bubble of any deviation 
of the tangent to the tube’s zero-point from 
the horizontal; because the bubble must 
move over a greater length of the tube in 
proportion to any small elevation of either 
end. In delicate levels the curvature is 
very small, and the bubble quivers with the 
slightest touch or tremor; while in levels 
made for common use the curvature is more 
rapid, and the bubble is more readily brought 
to a stand, and remains steadier. 

The volume and length of the bubble are 
affected by every change of temperature. 
The glass and the liquid both expand—the 
glass very slightly, the liquid very consider- 
ably. If they expand equally, the capacity 
of the tube and the volume of the liquid 
would be enlarged in the same proportion, 
and the volume and length of the bubble 
would remain always the same. But, as 
just observed, the dilitation by heat of the 
glass is only slight, while that of the liquid 
is very considerable. Hence the capacity 
of the tube increases much less than the 
volume of the liquid ; and hence the volume 
and length of the bubble become smaller as 
the volume of the liquid becomes larger. 
This may be verified by heating the tube; 
when, as the liquid receives heat and ex- 
pands, the volume and length of the bubble 
will be seen to decrease; and also by cool- 
ing the tube, when, as the liquid parts with 
heat and contracts, the bubble will be scen 
to increase in volume and length. Alcohol 
expands regularly ;,45 for every degree of 
heat that it receives above 32°, and it con- 
tracts with the like regularity for every de- 
gree of heat it parts with below 32°. 

In common levels the tubes are used just 
as they leave the glass factory. Those hav- 
ing an apparent uniform caliber, perceptible 
convex curvature lengthways, and smooth 
interior surface, being selected for the pur- 
pose ; and after the alcohol or the cther is 
enclosed in sufficient quartity to form a 
suitable bubble, the ends are hermetically 
sealed. Now it is evident that if there be 
any irregularities in the are against which 
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the bubble runs, they will be imparted to 
the bubble—one end of which will be 
broader or narrower than the other, and 
shorter or longer from the zero-point ; and 
in proportion to the irregularities will the 
ends of the bubble be unequally distant from 
that point, and will the tangent thereto de- 
viate from horizontality. 

Should the bore of the tube be uneven or 
irregular curvatures, or should the parts on 
each side of the zero-point not be symmet- 
rical, the ends of the bubble, as they aug- 
ment or diminish in length by changes of 
temperature, would not rest exactly equi- 
distant from the zero-point, or mark equal 
divisions on the scales. The tangent, how- 
ever, to the zero-point would be horizontal, 
although the bubble would have an apparent 
inclination; and therefore, to bring the ends 
of the bubble to coincide with the equi-dist- 
ant divisions of the scales, would be to give 
the tangent an inclination, and throw the 
instrument out of adjustment. This results 
more or less with all unground or defective 
tubes, and consequently sections plotted, es- 
timates made of work, and works set out and 
regulated from levels taken or given by such 
tubes, must be in error in proportion to 
their imperfection. 

In levels of precision, especially those 
employed for astronomical and engineering 
purposes, the interior surfaces are made 
truly even and cylindrical, and with a sens- 
ible curvature upwards exactly to an are of 
a circle, by grinding them with emery-pow- 
der and oil or water on steel cylinders, and 
then polishing them. This process is re- 
peated until the bubbles prove, by turning 
the tubes end for end on a delicately-ad- 
justed support, to be perfectly symmetrical, 
or until the ends appear at, or mark pre- 
cisely equal distances from the middle or 
zero-point, the tangent to which is then hor- 
izontal. 

Hence, in the preparation of these tubes 
the chief objects to be attained are, uniform- 
ity of bore, perfection of curvature, and 
smoothness of surface; and it should be ob- 
served, in conclusion, that whatever care 
and finish are bestowed on the exterior 
mountings of the tube, if the interior of the 
tube itself be imperfect in the above res- 
pects, the tangent given by the bubble will 
not be horizontal. Tubes have been and 
can be made to indicate a point half a sec- 
ond of a degree from exact horizontality, or 
within one-hundredth of a foot of horizon- 
tality at the distance of one mile. This 





slight deviation is due, not to the principle 
of the instrument, but to mechanical defects, 
from which no instrument, however deli- 
eately made, is absolutely free. 


MANUFACTURE OF STEEL. 


DISCUSSION BEFORE THE SOCIETY OF 
CIVIL ENGINEERS OF FRANCE. 
Translated from ‘‘Le Génie Industriel.’? 

An interesting paper upon this subject 
was presented by M. Galy Cazalat, of which 
the following is an abstract. This gentle- 
man stated, that in 1851 he made public a 
process for making, without cost, gases for 
lighting and heating by causing a jet of 
steam to pass through a bath of liquid cast 
iron. This jet produced simultaneously 
hydrogen gas and steel, the increased value 
of the latter compensating the cost of pro- 
ducing the gas. He then demonstrated that 
a jet of saturated steam, alone, could con- 
vert, in three or four hours, not more than 
200 kilogrammes of steel, which would be 
heterogeneous and solid. To obtain steel 
homogeneous and in a liquid state, he con- 
ceived, in 1855, the idea of passing simul- 
taneously several currents of compressed air 
and of superheated steam through several 
tons of liquid cast iron, which, in less than 
30 minutes, would be converted into liquid 
steel, ready to be poured into molds. After 
experimenting four years, and having failed 
to obtain authority to lay down pipes, he 
was obliged to forego the collection of hy- 
drogen gas. 

In 1856, Mr. Martin, of New Jersey, 
claimed the discovery of a new method of 
manufacturing steel. His method consisted 
in permitting melted iron to fall in a fine 
shower into a deep vessel, through which air 
was forced. The air rapidly decarburized 
the small pellets, or threads of iron, con- 
verting them into steel, or more frequently 
into liquid pure iron. To make steel, Mr. 
Martin added to this product a certain 
quantity of specular cast iron, thus restoring 
the requisite carbon. 

In 1856, Bessemer presented a method of 
making wrought iron and steel by passing 
air or steam through a bath of not exceed- 
ing 200 kilogrammes of cast iron. 

M. Galy Cazalat showed that, when a 
jet of ordinary steam is passed through the 
bath of iron, it will produce only a mass of 
heterogeneous steel, and will solidify it. 
The same result will follow when a jet of air 
is passed through a single pipe, entering any 
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point of a bath of about 200 kilogrammes of 
east iron. Indeed, the column of air passing 


experiments of Nasmyth, and that distip. 
guished mechanic, who was present at the 


through the liquid metal can be decomposed | session, publicly approved the system of re. 


only at its circumference: the temperature 
of the metal is raised only by the .21 of oxy- 
gen, furnished by the decomposed air, while 
it is reduced by .79 of nitrogen, to which 
should be added the volume of air not de- 
composed. Furthermore, the air cannot 
touch the more distant molecules of iron, 
and hence its oxygen cannot burn the carbon 
they contain. Thus, when the mass solidi- 
fies, it is only a mixture of cast iron and 
steel. 

M. Galy Cazalat remarked that it was 
not until 1861, that Bessemer succeeded in 
producing the steel now used in the forges. 

Comment was made upon this communica- 
tion by M. Jordan. He thought it might 
be divided into two heads: Ist. An examina- 
tion of the antecedents and similitudes of 
the processes of Galy Cazalat, Martin and 
Bessemer. 2d. A description of a process 
for refining iron by steam. 

As to the first head, M. Jordan had not 
studied the patents of M. Galy Cazalat; but 
he was familiar with his investigations, and 
desired to render full justice to the ingenui- 
ty and perseverance, of which they gave 
proof. But he believed that M. Galy Caza- 
lat was not accurately informed as to the 
antecedents of the Bessemer process, which 
had no relation whatever to refining by 
steam. It is true that Mr. Bessemer, in 
1855, in the first of his patents on the pro- 
cess which bears his name, declared his in- 
vention to consist in the injection of threads 
of air, or of steam, or of air and steam, into 
the midst, and among the particles of a mass 
of liquid, crude cast iron, &c.; but in this 
same patent he asserts, that the injection of 
steam, having the difficulty of cooling the 
bath, can be employed only at the com- 
mencement of the process, and that the de- 
carburization must be completed by the use 
of air. M. Jordan is of the opinion that 
we should not look merely at the specifica- 
tions of patents to find the history of the 
phases of an invention which has reached 
the practical stage, since inventors, to pro- 
tect their rights, often introduce into them 
variations altogether untried. It would be 
far better to study facts. In the famous 
memoir, read before the British Association, 
in 1856, which produced a profound sensa- 
tion among the English metallurgists, refin- 
ing by steam was not even discussed. Bes- 
semer was well acquainted with the fruitless 





fining by air. Neither in the public experi. 
ments at Baxter house, in 1856, nor in those 
at the shops of the Great Northern Railway, 
was the question of refining by steam raised 
at all. In truth, there had been no particu- 
lar effort made in that direetion. The diffi. 
culties which caused M. Bessemer’s works 
to be withdrawn for a time from public 
notice, lay in the selection of suitable irons 
and refractory materials, and, to a slight 
extent, in the arrangement of the apparatus. 
The almost immediate success obtained in 
Sweden, in 1859, in the establishment of 
Edsken, encouraged Bessemer to persist in 
his labors, in spite of the contrary opinions 
of a great majority of English forge mas- 
ters. The theory of the process, at that 
time very obscure, began to engage the at- 
tention of various Swedish and German met- 
allurgists, and soon it became known how to 
select coke irons. suitable for it, then to re- 
carburize the metal, and at the same time 
purify it by the addition of spiegeleisen. 
Success was achieved at Sheffield and at St. 
Laurin with gray hematite iron from Cun- 
berland. As soon as success had been met 
with in Sweden, Mr. Bessemer made a com- 
munication to the civil engineers of London, 
and submitted to them many specimens, 
However gratifying it might be to nation- 
al pride, M. Jordan could not agree with 
M. Galy Cazalat in the assertion that it was 
by means of the money advanced by the 
French government to MM. Jackson & Co., 
that the Bessemer process had become what 
it now is. MM. Jackson had surely contrib- 
uted to the perfection of the process; but it 
must not be forgotten that Mr. Bessemer 
and his family had expended a fortune of 
400,000 francs, before he had reached suc- 
cess, and that MM. Brown & Co., of Shef- 
field, were manufacturing, with facility, 
large masses of Bessemer steel, when the 
process had scarcely been heard of in France. 
M. Jordan also believed that M. Galy 
Cazalat had not been accurately informed, 
when he attributed to Martin the idea of 
using specular iron as a recarburizer. The 
importance of the functions of the carburet 
of iron and manganese had been pointed out 
by Heath, in 1839, and the use of specular 
iron had been announced by Mushet, in 
1856. Martin’s patents say nothing about 
it. The cast irons (necessarily gray irons), 
required by the Bessemer process must con- 
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tain (under penalty of certain failure), but a 
slight proportion of manganese. Indeed, 
they should never contain more than 1 or 
1.5 per cent. They should contain 2 to 2.5 

r cent of silicium, which is a powerful 
conservator of heat. The Bessemer irons, 
manufactured from Algerian ores, contain 
but little manganese, and the Motka ores 
contain only 1 to 1.5 per cent. It is erro- 
neous, therefore, to attribute to this metal 
the success of the Bessemer process, which 
is due, rather, to the presence of considera- 
ble proportions of silicium and carbon, to 
the absence of notable quantities of manga- 
nese, and the almost total absence of phos- 
phorus. 

M. Jordan states, that he has not the 
honor of Mr. Bessemer’s personal acquaint- 
ance, and that he makes these statements 
solely in the interest of historic truth. 

As to refining by steam, he states that its 
invention goes back as far as 1855. M. 
Guineveau, professor of metallurgy in the 
School of Mines, spoke, some thirty years 
ago, of a method of refining by steam. In 
1840, Mr. Guest, proprietor of the Dowlais 
establishment, conceived of the injection of 
steam into the metal of the finery fire. In 
1854, Mr. Nasmyth introduced steam into 
the bath of metal in the puddling furnace, 
by means of a recurved, hollow rabble. The 
steam was intended to stir the metal, and 
being brought into contact with the hot 
iron, to decompose, furnishing oxygen: this 
combining with the carbon, sulphur and 
other oxidizable elements, would eliminate 
them, while the hydrogen set at liberty 
would still further desulphurize the mass. 
The Nasmyth process has been subjected to 
prolonged trial, and finally abandoned, be- 
cause the steam reduced the temperature of 
the bath. The process of M. Galy Cazalat 
is substantially the same as those of MM. 
Guest and Nasmyth. M. Jordan was unable 
to see how, by the use of steam, it was pos- 
sible to arrive at the production of cast 
steel. According to the theory, which, it is 
true, is not definitely settled, as to what 
is the true reaction at the enormous tempe- 
rature of the Bessemer process, the metal 
cannot be decarburized without the forma- 
tion of much oxide of iron, and yet maintain 
the exalted temperature necessary to melt 
the steel. Water, it is true, contains for 
equal weights, much more oxygen than air. 
But its decomposition requires the expendi- 
ture of a large quantity of heat, which is 
not re-supplied ; and although it may at first 





manifest its activity at certain points, if the 
iron is very siliceous, yet the general tem- 
perature of the bath is diminished, and the 
result is, not cast steel, but a mixture of 
cast, wrought and steely, iron and oxide. 
This now is the result of M. Jordan’s at- 
tempts. The great advantage of air is, that 
it supplies oxygen, without absorbing heat 
for decomposition. It is probably better 
even than pure oxygen, of which the reac- 
tions would be too violent. 

M. Galy Cazalat replied, that Mr. Nas- 
myth, the inventor of the steam hammer, 
was opposed to Bessemer in the Society of 
Civil Engineers of London. 

Some metallurgists have asserted, and 
rightly, that since the invention of the re- 
verberatory furnace, all puddlers are well 
aware, that the surface of the metal is de- 
carburized by the oxygen of either air or 
steam: that the new process for making 
steel consists in causing the air or steam to 
pass through the metal, and this Nasmyth 
was the first to do—at least with steam. 
The partizans of the Bessemer process would 
assert, that the Nasmyth process was in- 
tended merely to render less laborious the 
mixing of the metal by the puddler, who 
moves about the hearth of the furnace a hol- 
low rabble, through the end of which the 
steam issues, while the Bessemer process 
does away with puddling altogether, substi- 
tuting for it the action of compressed air or 
saturated steam. M. Galy Cazalat showed 
that he first conceived the idea of passing 
steam through baths of zinc, lead and cast 
iron, in order to produce without cost hydro- 
gen gas, through the increased value of ox- 
ide of zine and lead, and especially of steel. 
He remarked further that nine kilogrammes 
of steam, which contain, as is well known, 
630 calories per kil. bring into the bath 
5670 calories. Consequently, their decom- 
position should absorb 34400—5670 = 28730 
units of heat. On the other hand, calcula- 
ting the effect produced by the 8 kil. of oxy- 
gen resulting from the decomposition, and 
which should combine with the carbon con- 
tained in the iron, it will be seen that a kil. 
of carbon requires, in order to be burned, 
2.5 kil. of oxygen, which disengages, in 
round numbers, 8000 calories, and 8 kil. of 


= 3.2 kil. of car- 


oxygen ought to burn - A : 


bon, disengaging 25000 calories. It follows 
then, that for 9 kil. of steam, there would 
be a reduction in heat of 4730 calories; a 
result directly contrary to all experience, 
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which shows that during the first ten min- 
utes of its flow, the steam raises the tempe- 
rature of the bath from a red heat, which is 
1000°, to the brilliant white, which is 1500°. 
This false theory, which seems to be stereo- 
typed in the minds of our most accomplished 
metallurgists, has occasioned, in the last 
ten years, a loss of several millions to our 
principal forge masters. He thinks it is 
about time to correct it by the true theory, 
founded upon experience, and upon the fol- 
lowing chemical and physical principles : 

Ist. The surface of the bath of iron is de- 
carburized by the contact of an oxide of 
iron. 

2d. A kil. of oxygen, combining with the 
iron [Fe O], develops 5000 calories. 

3d. Cast irons, for conversion into steel, 
contain about 5 per cent of combined or al- 
loyed carbon. 

When superheated steam passes through 
a bath of iron, it is decomposed into 8 parts 
of oxygen and 1 part of hydrogen: each kil. 
of oxygen uniting with the iron, produces 
5000 calories. The 9 kil. of steam, there- 
fore, develop 40000 calories, while its de- 
composition absorbs only 28730 calories. 
The increment of heat, therefore, is meas- 
ured by the difference, 11270 calories, 
which are capable of raising a kil. of iron 
11270 x 3.6 = 40572°, or 1000 kil. of iron 


about 40°. Protoxide of iron, containing 8 | 


kil. of oxygen, when brought into contact 
with the free carbon of the iron, will burn 
3.5 kil. of carbon, producing 28000 calories : 
bearing in mind that, at the extreme tempe- 
ratures of the process, the heat tends to 
separate the oxygen from the iron, it must 
be admitted that the cooling due to this 
separation, is much less than the heating, 
measured by 28000 calories. 

M. Brull remarked, that he had followed 


the first experiments of M. Galy Cazalat, at | 


the Imperial foundry at Ruelle, and had 
had occasion to make a calculation of the 
number of calorics removed from the bath 
of cast iron, by the various decompositions, 
and developed by the combinations, and the 
calculation, based upon the analysis of the 
irons employed, had given generally a gain 
in heat. Moreover, the experiments, not- 
withstanding divers defects in the details of 
the plant, which interfered with the success 
of the operation, yet enabled him to deter- 
mine that the bath of metal would not cool, 
but would remain liquid, after the passage 
of a current of superheated steam. Later 
experiments have confirmed this result, but 





have not yielded a constant quality of steel, 
M. Brull stated that the order of the various 
phenomena of decomposition and combina- 
tion of oxides did not affect the final results, 
It would be sufficient, in estimating the heat 
developed, to consider merely the various 
elements in the iron which are burned, and 
separate from the metal in the form of sili. 
cates, without introducing any hypotheses 
as to the precise manner in which the def- 
nite compounds are formed. 

M. Depretz remarked that the 34000 cal. 
orics, developed by the combination of 8 
kil. of oxygen and 1 kil. of hydrogen, in. 
volved the assumption that the products of 
combustion be reduced to the zero of tempe- 
rature. In the experiments cited by M. 
Galy Cazalat, the steam to be decomposed 
was under a pressure of two atmospheres, 
and at the temperature of 600°; each kil., 
therefore, contained a quantity of heat, 
which, according to the empirical formule 
of M. Regnault, would be 606.5 +- .305 x 
120 + (600 — 120) K .48 = 873 calories. 
The quantity of heat contained in 9 kil. of 
steam would then be 873 & 9= 7857 calo- 
rics. To decompose these 9 kil. of water, 
would therefore take 34000 —7857 = 26543 
calories, which require for each kil. of oxy- 
gen 26543 — 8= 3318 calories. Accord- 
ing to the experiments of M. Depretz, upon 
the oxidation of iron, each kil. of oxygen 
develops 5325 calories. There is, then, a 
clear gain of heat equal to 5325 — 3318= 
2007 (say 2000) calories for each kil. of oxy- 

en. 
‘ M. Lencauchez, commenting upon the 
ideas of M. Galy Cazalat, thought, contrary 
to the generally received opinion, that the 
injection of steam into the bath of iron, at a 
temperature of 10 to 20° above the vaporiz- 
ing point corresponding to a given pressure, 
would not occasion a reduction of tempera- 
ture, but on the contrary, an increase. The 
quantity of oxygen furnished to the bath 
being much greater than in the case of at- 
mospheric air, the refining, or more properly 
the oxidation, of the metal would proceed 
with great rapidity. The liberated hydro- 
gen could not, in so short a time, reduce the 
excess of oxide of iron, since the latter is 
diffused through a large mass of fused metal, 
which protects the molecule of oxide from 
the reducing action of the hydrogen. Fora 
similar reason the hydrogen, which is in the 
nascent state, will not react upon the metal- 
loids (sulphur, phosphorus, arsenic and sili- 
cium), which often do not exceed one per 
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cent of the mass under treatment. If the 
injection of steam be prolonged, the oxide 
of iron will attack the lining of the vessel, 
forming multiple silicates, so that the pro- 
duct is neither iron nor steel. 

In the following session of the Society, 
M. Galy Cazalat further stated, that the 
production of steel by superheated steam 
had, for ten years, been opposod by the false 
application of two principles. When 1 kil. 
of hydrogen combines with 8 kil. of oxygen, 
it produces water, with evolution of 34462 
calories. 

Reciprocally, the decomposition of 9 kil. 
of water into its elements occasions an ab- 
sorption of 34462 calories. 

The conclusion has been, that the decom- 
position of steam cools the bath which it 
traverses. But we must account for the 
union of oxygen with carbon, which restores 
25000 calories—a quantity insufficient, it is 
said, to make steel. He asserts, however, 
that experience does not confirm this reason- 
ing, but that if a current of dry steam be 
passed through cast iron at 1200°, it soon 
raises it to a dazzling white heat. The true 
theory he asserts to be as follows: Oxygen 


land. This is a titaniferous, manganic, 
sesquioxide of iron, containing 80 per cent 
of oxide of iron, 10 to 12 per cent of titanie 
acid, and 6 per cent of silica, alumina and 
lime, and has long been deemed infusible. 
50 kil. of this mineral, placed in a graphite 
crucible has yielded 27 kil. of steel, of 
which M. Galy Cazalat presented specimens 
which had been recognized as superior to 
steels, costing 1,500 franes per ton. The 
ore is costly by reason of the difficulty of 
separation from the sands which contain it 
in small proportions. The separation is 
effected by crude washing, which yields a 
sand containing 20 per cent of ore, after the 
first washing, and 60 per cent after 5 or 6 
washings. It is still further eliminated by 
magnets, until it reaches 80 per cent. M. 
Galy Cazalat had succeeded in obtaining 
this ore quite pure, and purposes treating it 
in a reverberatory furnace, through the roof 
of which are ten openings, arranged in two 
lines. By these openings the charge of pig 
iron is introduced, and when this is melted, 
plate iron tubes are let down through the 
openings into the melted bath. These tubes 
are closed at the lower ends, and coated with 





has a greater affinity for iron than for car- | an extremely refractory ganister. They are 
bon. Since crude iron contains sixteen | charged with titaniferous ore, which does 
times as much iron as carbon, it is with the | not melt at the temperature of the furnace, 


iron that the oxygen combines, producing a| but if a current of air and dry steam be 
much greater heat than would be the case | passed into the melted bath, they will agi- 
with atmospheric air, which contains, for tate it, and give rise to an intense combus- 


equal weights, only one-fourth as much oxy- | tion, resulting in an enormous temperature, 
gen as water. M. Galy Cazalat enumerated | which melts the ore in the crucible tubes, 
the patents he had received, from 1855 to | converting it into a clear, limpid steel, as 
1858, for decarburizing cast iron by cur-/| free from air holes as Krupp’s crucible steel. 
rents of superheated steam. To obtain a) Thus are produced at once, steel in the cru- 
constant production of steel, the iron is first | cibles, and wrought iron in the furnace, and 
oxidized, then is partially recarburized by | the operation may be repeated and continued 
the addition of specular iron in crucibles, | indefinitely. 


placed upon the hearth of a reverberatory | 
furnace. In pouring large masses of steel 
blow-holes would be developed, which it 
was necessary to reduce under the hammer. 
He also indicated a method of compressing | 
cast steel in the mold by closing it with a 
metallic cap, and exploding powder (without 


M. Lencauchez thought the assertions of 
M. Galy Cazalat were exaggerated. He 
doubted the ameliorating influence of titan- 
ium, and did not think the specimens re- 
markable. He did not think the proposed 
apparatus would withstand a series of opera- 
tions involving such enormous temperatures 


sulphur), which was introduced by means of | as M. Galy Cazalat spoke of. 
a tube. Long afterwards, Mr. Whitworth; As to the systematic use of powder for re- 
conceived the idea of compressing steel by | ducing blow-holes, he thought it scarcely 
hydrostatic power; but the cannon so made practicable, and much inferior to the hydro- 
burst, and exhibited blow-holes in all the static press working at 600 atmospheres. 
surfaces of fracture. | Porous steels are steels poorly made. By 
He also gave some details for manufactur- | using bases which can absorb the oxide of 
ing, simultaneously, iron and steel, by means |iron produced in the bath, we may escape 
the reaction of the latter upon the remaining 


of certain minerals contained in volcanic 1a 
sand from Reunion, Naples and New Zea- | carbon, and thus, the formation of cavities of 
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carbonic oxide. The use of fluxes seemed 
to him a simple and certain method of ob- 
taining steel free from air holes. 

M. Jordan thought it might be advisable, 
in following up the discussion, commenced 
at the previous session, upon the communi- 
cation of M. Galy Cazalat, to explain thor- 
oughly the theory of heating baths of cast 
iron by intermolecular combustion, in cer- 
tain systems of refining, and to correct the 
erroneous opinions which had been dissemi- 
nated with reference to refining by steam. 
He also regarded it as his duty to defend 
the French forgemasters from the charge of 
having wasted millions of money by adher- 
ence to a false theory. He would not re- 
vert to the historical questions raised at the 
last session, and he had spoken of them only 
because Mr. Bessemer was not represented, 
and because he believed himself well ac- 
quainted with their history, from having 
studied them conscientiously and impartially. 
He then read a note upon refining by air, 
steam and oxygen, treating of the processes 
respectively of Bessemer, Galy Cazalat and 
Heiton. 

1. With reference to steam. 

Assuming that a bath of 1000 kil. of melt- 
ed gray iron is at the temperature of 1400¢, 
containing* 1000 (1200 .17-+46+200« 
-21) = 293000 calories: it will require 210 
calories to produce a variation in tempera- 
ture of 1°, and the loss of 42000 calories 
will reduce the iron to the temperature of 
fusion. 

Let us examine successively the combus- 
tion of iron, of the carbon, and of the sili- 
cium. 

Combustion of the iron.—F or each centiéme 
(10 kil.) of iron burned, there will be re- 


quired }? — 2.875 kil. of oxygen, which will 


produce 12.857 kil. of oxide of iron, develop- 
ing, according to Dulong, 2.857 4327 = 
12362 calories. The oxide of iron formed, 
of which the capacity for heat (.17) is very 





* The temperatures of fusion of various kinds of 
cast iron are: white iron 1050° C.; graphitic gray 
iron 1200° C.; gray manganiferous iron 1250° C. 
The specific heats (capacity for heat): 

Wrought iron between 0 and 100°....... -109 

si “ * PORE GOO .icwces « 125 

Cast iron, white, slightly carburized..... 127 

_ much i 129 
gray, between 0 and 200°.... .130 

” ” 0 and 1000°.... .170 
Pa nscbaccacene sowe .210 

The latent heat of fusion of ordinary gray iron is 
46 calorics. 


“ 
“cc “ 
“ “ “ 





| considerably greater than that of wrought 


iron (.11) will absorb, in order to take the 
temperature of the bath, at least (12.857 
-17—10> .11) 1400 = 1520 calories. 

There will then remain, of available heat 
from the combustion of the iron, only 10840 
calories. 

But, to obtain 2.857 kil. of oxygen, there 
will be necessary 3.214 kil. of vapor of wa. 
ter, containing .357 kil. of hydrogen. This 
steam, assumed to be dry at 100°, will ab. 
sorb, in decomposition, 29512 x .357= 10538 
calories, and the hydrogen being eliminated 
after being heated to 1300°, will carry away 
.357 X 3.40 X 1300= 1578 calories, making 
the total loss 12116 calories. The gain in 
heat being, as above, 10840 calories, it is 
clear that the bath will ultimately lose 1276 
calories for each centiéme of iron burned by 
the steam. This loss cannot be re-supplied 
by superheating the 3.214 kil. of steam, since 
it would be necessary (the capacity for heat 
of the steam being .475) to raise it to about 
850°, and M. Jordan does not believe that 
steam can be practically heated beyond 600°. 

The combustion of the manganese gives 
the same results as that of iron. 

Combustion of the carbon.—For each 10 
kil. of carbon there would be required 13.333 
kil. of oxygen to produce 23.333 kil. of car- 
bonic oxide. The combustion may be direct 
or indirect, that is, effected by the interven- 
tion of oxide of iron; but, as Mr. Brull re- 
marked, the quantity of heat developed will 
always be that due to the formation of car- 
bonic oxide. The result of this combustion 
will be 10 2473= 24730 calories, and the 
oxide of carbon resulting from 10 kil. of car- 
bon heated to 14002, will absorb, in elimi- 
nation, a quantity of heat equal to (23.333 Xx 
-2479—10X .241) 1400= 4718 calories. The 
gain of heat to the bath will be only 24730 
—4718= 20012 calories. 

To obtain 13.333 kil. of oxygen, there will 
be required 15 kil. of steam and 1.667 kil. of 
hydrogen; the decomposition of the former 
absorbing 1.667 29512= .49187 cal., and 
the eliminated hydrogen carrying off 1.667 
3.40 1300= 7367 calories. The total 
loss, therefore, will be 49187-+-+-7367= 56554 
calories. Hence, the actual loss to the bath 
will be 56554—20012— 36542 calories. 

Combustion of silictum.—For cach 10 kil. 
of silicium there will be required 10 X 7 
= 11.16 kil. of oxygen, which will form 21.16 
kil. of silicic acid, developing 80000 calories, 
if we admit that the calorific power of sili- 
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cium is equal to that of carbon completely! When an operation of this kind is observ- 
purned. Silicia acid, by reason of its capa- ed, there will be noted, at first, an increase 
city for heat differing from that of silicium, | of temperature, due to the combustion of the 
will absorb a quantity of heat about neces-| silicium, which takes place first: but the 
sary to bring the 11.16 kil. of oxygen tothe |commencement of the decarburization re- 
temperature of the bath; that is to say, duces the temperature to such a degree that 
11.16x .218 1300 = 3160 calories. The | the molecules of the mass lose much of their 
path will then gain 76840 calories. To ob- | mobility, the subsequent reactions work 
tain 11.16 kil. of oxygen will require 12.555 | badly, and the refining is not completed in 
kil. of steam, setting at liberty 1.395 kil. of | a homogeneous manner throughout the mass. 
hydrogen : the heat absorbed by the decom- | Furthermore, in spite of all precautions, an 
position being 1.395 x 29512 = 41169 eal, | excess of steam will inevitably be introduced, 
and that carried off by the hydrogen 1.395 x | which adds greatly to the rapidity of the 
3.40X 1300= 6166 calories, the total loss to} cooling. Refining by steam cannot succeed 
the bath will be 47335 calories. The total| with Bessemer irons any better than with 


gain, therefore, is 76840—47335 = 29505 
calories. 

Refining by steam.—Let us now apply the 
foregoing data to a bath of 1000 kil. of cast 
iron, of which we will suppose the composi- 
tion to be similar to that of one of the good 
Bessemer irons fabricated at the establish- 
ments of Terrenoire St. Louis, Givors, &c. 

1000 kil. will contain 42.50 kil. of carbon, 
20 kil. of silicium, 937.50 kil. of iron and 
manganese. Suppose the operation to be 
the regular practice, viz: completely decar- 
burizing, and partially recarburizing. The 
loss being 15 per cent, we shall obtain 850 
kil. of pure iron by burning 87.50 kil. of iron 
and manganese. Introducing the steam in 
minutely divided jets, cut off from all extra- 
neous sources of heat, and thoroughly dry, 
the gains and losses will be : 


Gain. 


Centiémes. 
Silicium ..... .. 2 


155303 
11165 
Totals... 166468 
PD icc ntcknsseconeecnesnen 107458 
The capacity for heat of cast iron being 
about .16, it will be seen that the tempera- 
ture of the bath would be reduced more than 
650°, without taking into account the exte- 
rior cooling of the vessel. The result would 
be only a mass of pasty iron commingled 
with oxide and silicate of iron. It is true, 
that the figures, 107458 calories, above given, 
are somewhat exaggerated, because the hy- 
drogen and carbonic oxide issuing from the 
bath are probably at a lower temperature 
than 1400°; but it will be seen that, assum- 
ing this gas to issue at 500° to 600°, the loss 
of heat will still be more than 60000 calories, 
and that without accounting for the exterior 
cooling of the converter, which exercises an 
important effect. 





ordinary steel irons (those containing man- 
ganese highly carburized and slightly sili- 
cized). To avoid a reduction of the theo- 
retic temperature, always less than the real 
reduction, there is required a cast iron with 
little carbon, and much silicium; for exam- 
ple, 4 per cent of the latter, and 2 to 3 per 
cent of the former. But such irons are very 
exceptional, resulting from a very dry pro- 
cess, which a furnace cannot maintain with 
impunity. Moreover, as they can be obtained 
only from ores relatively poor, such as those 
of the secondary and tertiary formations, 
they will always contain more or less phos- 
phorus. 

It will now be understood why the great 
establishment of Dowlais, in Wales, after 
experimenting several months with steam 
refining, both in the finery fire and puddling 
furnace, has given it up, notwithstanding the 
hopes and anticipations of Mr. Guest. Mr. 
Truran, the engineer of this establishment, 
asserts that the injection of steam cools the 
bath. Mr. Nasmyth, the distinguished me- 
chanic, has arrived at the same conclusion. 
Mr. Percy, professor of metallurgy in the 
School of Mines at London, who was ac- 
quainted with the experiments at Dowlais, 
and with those of Nasmyth and Parry, also 
declares that steam will not raise the tem- 
perature of the bath. The fruitless attempts 
in France during the last twelve years have 
shown nothing contrary to the results previ- 
ously obtained in England. It has been 
hoped that, in steam refining, the hydrogen 
might be utilized in purifying the metal from 
sulphur and phosphorus. M. Jordan was 
unaware of any authentic experiments or 
analyses serving to show that such was the 
ease. He much doubted the efficiency of 
hydrogen to remove these elements dissemi- 
nated in small quantities throughout the en- 
tire mass. A current of hydrogen passed 
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through a porcelain tube, over sulphur, at a 
high temperature, is far from converting it 
completely into sulphydric acid, and if the 
latter is passed over red-hot iron it parts 
with the sulphur, as is well known. The 
affinity of hydrogen for phosphorus is not 
great. 

M. Jordan concluded his remarks by 
stating, that refining by steam is much infe- 
rior to refining by the pneumatic process for 
the purpose of making steel. He remarked 
upon the importance of the function of sili- 
cium. This is the all-essential element of 
combustion. Steel makers classify their 
irons into ‘‘ cold”’ and “‘ hot”’ irons, acecord- 
ing as they contain little or much of it. He 
presented two specimens of iron to the So- 
ciety; one a gray Bessemer iron—the “hot” 
variety, containing 2 to 3 per cent of sili- 
cium, recognizable by its gray starry grain, 
smelted at the St. Louis furnaces near Mar- 
seilles, for the Imphy Steel Works; the 
other a specular variety, or spiegeleisen, con- 
taining 8 to 10 per cent of manganese, essen- 
tially a “‘cold”’ iron, easily recognizable by 
its large crystalline facets, and made at the 
same furnaces for the steel works on the 
Loire. 


SURMOUNTING RAILWAY INCLINES. 
From the *‘ Building News.”? 

To be obliged to start a heavy train upon 
a stiff incline, in damp weather, when the 
rails are slippery, or what is technically 
known as “ greasy,” is a task hated of en- 
gine drivers. If possible, they invariably 
back on to the level, so as to get a bit of a 
run at the gradient. In fact, to employ a 
homely simile, there is exactly the same dif- 
ference in the two instances referred to as in 
a man’s taking a “standing” and a “run- 
ning” jump. If the inclines on railways 
could be so arranged that every ascending 
gradient should be preceded by a descending 
one, in other words that the two should meet 
at the lower level, the impetus acquired in 
the descent would materially assist the sub- 
sequent ascent. There are undoubtedly 
some instances where this desirable result 
obtains, but they are, in all probability, 
occasioned more by accident or necessity 
than by design. The steeper the incline the 
greater must be the adhesion of the wheels 
on the rails. Hence the innumerable pat- 
ents and inventions for accomplishing this 
purpose, which climaxed in the introduction 
of the middle rail and extra wheels. In one 
sense weight and adhesion are synonymous 


terms, but to gain the necessary amount of 
adhesion by simply increasing the weight, 
would be to employ a remedy worse than the 
evil, as the difficulty is to get the weight 
itself up the hill. The experiments at Mont 
Cenis have quite thrown into the shade any- 
thing that has been done at home in the way 
of surmounting inclines, although we have 
|in latter days distinguished ourselves in the 
art of making steep railway gradients toa 
degree that would have appalled our prede. 
cessors in that particular branch of engineer. 
ing. <A trial is to be made on the French 
side of Mont Cenis of the system of an Italian 
engineer, M. Agudio, for working sharp in. 
clines on mountain summits. This principle 
has been employed for some years upon the 
Turin and Génes Railway, and the experi- 
ence gained during its application there has 
enabled the inventor to remedy the imper- 
fections, correct the errors, and introduce 
those modifications and improvements which 
are indispensable to the success of every 
newly-tried mechanical invention. 

Steep gradients are essential to the system 
of M. Agudio. He reconciles the differ- 
ences of level by inclines of 1 in 10, and 
presses into his service the resources that 
nature has placed at his disposal, instead of 
employing means wholly artificial for accom- 
plishing his purpose. The natural forces or 
motive power to be found in mountainous 
districts is utilized by hydraulic machines 
placed one at the summit, and the other at 
the bottom of the incline. From these the 
power is transmitted by the agency of steel 
telodynamical cables, working at a high velo- 
city, to a locomotive, or, rather, locomotor, 
which is placed at the head of the train. As 
no boiler is required, the weight is very 
small in comparison with that of an ordinary 
locomotive, being restricted solely to that 
necessary to provide for the moving parts. 
At the same time, a certain amount of adhe- 
sion is absolutely indispensable, especially on 
inclines of the steepness already mentioned. 
In order to effect this, there is, first of all, 
the weight of the engine. Secondly, this 
weight is rendered more serviceable by being 
carried on eight wheels; and, thirdly, there 
are six horizontal wheels introduced, which 
by means of springs are caused to press 
against a central rail, similarly to the well- 
known Fell system. Powerful brakes are 
supplied to guard against contingencies in 
descending the inclines. A grant has been 
made by the Imperial Government of nearly 
£10,000 for carrying out this principle at 
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Mont Cenis, and a similar subvention of the | 
same amount has been given by the Italian | 
Government. The particular section of the 
Mont Cenis Railway to which this system is 
to be applied commences at Lanslebourg, a 
station on the Fell road, crosses the river 
Areq, and ascends the sides of the hill by 
nearly the same route as that occupied by 
the lines of telegraph. A succession of 
sharp curves from 450 ft. to 900 ft. radii, 
and an equal number of heavy gradients, 
bring the new section to the summit, where 
it rejoins the line of Fell. This route has 
been adopted by M. Agudio in order to 
demonstrate the great advantage of his sys- 
tem over others in use in similar arduous 
localities. The total difference of level be- 
tween the starting point and the summit 
level is 2,296 ft., and this is accomplished 
in a distance of 2.2 miles, whereas 7.5 miles 
is the distance required by Mr. Fell to rise 
the same height. The length of line, and 
ceteris paribus, the cost is, therefore, in the 
latter instance, about three and a-half times 
that in the former. One of Fontaine’s tur- 
bines constitutes the prime motor. It is fed 
by the waters of the Areq, which are col- 
lected and stored in a reservoir containing 
900,000 gallons of that fluid, the whole of 
which is capable of being run off and replen- 
ished six times a day, thus affording six 
ascents and six descents in the twenty-four 
hours. Each ascent will occupy about a 
quarter of an hour, and will of course be 
made without any interruption en route. The 
load taken up will in round numbers equal 
sixty tons. It is stated that the Fell loco- 
motive requires an hour to perform the same 
journey, that is, so far as the difference of 
level is concerned, and conveys only one- 
fourth of the load between the same termini. 
M. Agudio calculates that the ordinary pas- 
senger trains, which will weigh considerably 
less than sixty tons, will ‘do’ the journey 
inten minutes. At the present day, when 
engineers have exchanged the old principle 
of adapting the road to the locomotive for 
the more modern practice of suiting the lo- 
comotive to the road, any proposed improve- 
ment in that direction is deserving of careful 
and impartial consideration. We trust, in 
another article, to record the result, and we 
hope, the success of the proposed experimen- 
tal line. 


discussion 


TEEL MANUFACTURE.—The 
before the French Society of Civil En- 





gineers will be read with interest. 


N THE SELECTION OF BUILDING 
SToNEs, AND THE CAUSES OF THEIR 
Decay.—In the selection of building stones 
for the exterior walls of a building, color, 
texture and durability are the objects of the 
first importance ; and all of these ought to 
be combined to render the structure perfect. 
Too little attention has been given to the 
subject of building stones ; and while un the 
one hand we are largely using a brown 
stone, which gives a sombre, cheerless as- 
pect to the structure, the opposite extreme 
has been sought in the white marble, or 
that which is more nearly white in color. 
In contrast with these, we have the red, 
glaring color of brick ; and it is only partially 
that this offensive aspect is palliated by 
painting of neutral tints. In a few eastern 
cities and towns we find the light gray gran- 
ites now used in preference to the brown free- 
stone, the white marble, or the dark granite 
which have been much in use in past years. 
No one can fail to experience the sensa- 
tion of relief afforded by the structures of 
light colored granites in the city of Boston, 
or those of the buff or dove colored lime- 
stone in the city of Chicago, or of the light 
gray freestone of many buildings in Cleve- 
land and other places, and of the buff colored 
brick of Milwaukee. In these cases we 
have not the excessive reflection of light, or 
the glare which comes from white buildings, 
whether of marble or of painted brick, nor 
the sombre cheerless expression of the 
darker stone, caused by its great absorption 
of light. It is only necessary to consider 
the effects produced by the structures of 
these different materials upon one’s own 
sensations, in order to determine what are 
the most agreeable tints, or those which 
please the eye and produce a cheerful im- 
pression upon the mind. 

In the majority of structures the necessi- 
ties of locality, cheapness, or other causes, 
compel the erection of structures from ma- 
terials most accessible; but these considera- 
tions are not imperative in the case of an 
important public building. 

In many cases where the rock is homoge- 
neous throughout, and the color uniform and 
satisfactory, it is only to be inquired whether 
the coloring material is such as will produce 
decay or disintegration of the particles. 
When the general color is produced by the 
aggregation of different materials of distinct 
coloration, the character of each one is to be 
considered, and its effect upon the whole ; 
and it is important to have such material 
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comparatively fine-grained, and the different 
parts as uniformly mingled together as pos- 
sible. As a general rule, it is only in the 
darker stones that the coloring matter has 
any tendency to disintegrate the mass. 

In the selection of building stones, the 
simple presentation of a sample is not 
enough. The rock in place should be ex- 
amined in the outset; for in its natural out- 
crops it has been exposed to the action of 
the weather, in all its influences, for many 
thousands of years. One of the principles 
taught in elementary geology is that the 
soft and decomposing rocks appear in low 
rounded or flattened exposures, or entirely 
covered by the soil or their own debris, 
forming no conspicuous feature in the coun- 
try; while on the contrary the harder rocks 


stand out in relief, producing marked and | 


distinguishing features in the landscape. It 
not unfrequently happens that the geologist 
having familiarized himself with the succes- 
sion and character of the rocks of a particu- 
lar locality or neighborhood, by seizing the 
features and character of the prominent 
beds, is able to trace them in succession 
along the escarpment or mountain range as 
far as the eye can reach, and to approach 
them from any distant point with assurance 
that he has not been deceived. 

The strata which make these features in 
the landscape are the ever enduring rocks, 
which have withstood the action of the 
atmosphere through a period a thousand 
times longer than any structure of human 
origin. One cannot doubt that if properly 
placed in any artificial structure, they would 
still withstand the action of the elements. 
These escarpments, in their natural situa- 
tion, may be coarse, rough and forbidding, 
more or less dilapidated or unequally dilapi- 
dated from the effects of time; but as they 
there present themselves, we shall be able 
to see their future in any structure exposed 
to the same influences. 

It is true, however, that no artificial 
structure or position will ever subject the 
stone to the same degree of weathering influ- 
ence to which it is exposed in its natural 
position, but the same changes in degree 
will supervene upon any freshly exposed 
surfaces. In its natural position the bed 
has been encased in ice, washed by currents, 
saturated with rains and melting snows, 
frozen and thawed, and exposed to the ex- 
treme of summer heat without mitigation. 
The rock which has withstood these influ- 
ences is quite equal to withstand the expo- 





sures of a few centuries in an artificial struc. 
ture. Yet there are occasionally modifying 
influences and conditions which have some. 
times subdued the permanence of a durable 
stone, and given preference to others less 
durable. It therefore becomes necessary to 
carefully examine all these conditions, and 
to determine not only from the rock in place, 
but also from its physical constitution, 
whether it will meet the requirements of 
the structures proposed. 

It not unfrequently happens, in working 
a quarry, that layers are reached which have 
not been exposed to the weather, and it is 
then necessary to test the strength and 
power of endurance of the stone. This may 
be done by repeated exposure to freezing 
and thawing, by testing the strength or 
power of resistance to pressure, etc. The 
exposure to freezing and thawing will not 
only determine its power of resisting the 
action of the weather, but will determine 
also whether such foreign ingredients as 
iron pyrites may exist in the mass. Chemi- 
cal analysis may be resorted to, for the pur- 
pose of comparison with specimens of known 
composition and durability; but chemical 
analysis alone cannot determine, without 
other testing experiments, the strength or 
power of endurance of the stone. 

In some countries, and in certain locali- 
ties in our own country, the evidence ob- 
tained from ancient structures is available 
in determining the durability of the stone 
which has been used. Yet it would seem 
that this information has been of little avail 
in many places, where the rebuilding of 
edifices is repealed every ceatury. Expe- 
rience, in many cases, does not teach the 
lesson anticipated ; and when a dilapidated 
structure is pointed out, the argument is 
made that “these stones were not well se- 
lected,”’ or they were obtained “ at the first 
opening of the quarry, and were not as good 
as now furnished.” And again, as already 
remarked, there are few cases in which par- 
ties are permitted to select the material 
without prejudice, the influence of interest, 
or the absence of important information. 
Examples are everywhere before us of the 
improper selection of materials for buildings, 
and these examples do not deter from their 
use in the erection of others. When good 
material is abundant and accessible, it will 
be used ; in other situations, comparatively 
few durable structures are likely to be 
erected.—F rom Prof. James Hall’s Report 
to the New York Capitol Commission. 
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EXPERIMENTAL RESEARCHES ON THE 
WECHANICAL PROPERTIES OF STEEL. 


A paper read before the British Association at Exe- 
ter, by Wittiam FarrBarrn, L.L. D., F. R. 8S. 


In my last report I had the honor of sub- 
mitting to the Association an experimental 
inquiry into the mechanical properties of 
steel obtained from different sources of manu- 
facture in the United Kingdom. On that 
occasion several important experiments were 
recorded from specimens obtained from the 
best makers, and bars were received from 
others, the experiments on which were in- 
complete at that time. Since then I have 
had an opportunity of visiting the important 
works at Barrow-in-Furness, and from these 
I have received bars and plates of different 
qualities for the purpose of experiment, and 
such as would admit of comparison with 
those recorded in my last report. I have 
also received specimens from Mr. Heaton 
for experiment, illustrations of the new pro- 
cess of conversion from crude pig iron—of 
different grades—to that of steel, as exhib- 
ited in the results contained in this report. 

In every experimental research connected 
with metals it is necessary to ascertain as 
nearly as possible the properties of the ores, 
the quality of the material, and the processes 
by which it is proved. On most occasions 
this information is difficult to obtain, as in 
every new process of manufacture there is a 
natural inclination—where the parties are 
commercially interested—to keep it as long 
as possible to themselves, and hence the 
reluctance to furnish particulars. 

Of this, however, I can make no com- 
plaint, as Mr. Bessenger, the Barrow Com- 
pany, and Mr. Heaton have, unreservedly, 
not only opened their works, but they have 
furnished every particular required, includ- 
ing chemical analyses relative to the proper- 
ties of the ores, and the processes by which 
they are reduced. 

From this it will be seen that in some of 
the experiments, I have had the privilege of 
recording the chemical as well as the me- 
chanical properties of the specimens, which 
have been forwarded for the purpose of ex- 
periments, and of ascertaining their respect- 
lve and comparative values. 

The proprietors of the Barrow Works 
have confined themselves to certain descrip- 
tions of manufacture on the Bessemer prin- 
ciple, these being chiefly steel plates, rails, 
tyres, and girders. From the nature of the 
ore and fuel, the latter of which is chiefly 
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brought by rail from the coal fields of North- 
umberland and Durham, a description of 
highly refined homogeneous steel is pro- 
duced, and as this manufacture is intended for 
purposes where tenacity and flexibility are 
required, it would not be just to compare it 
with other descriptions of manufacture where 
the object to be attained is hardness; such, 
for instance, as that employed for carriage 
springs and tools. The description of iron 
required for rails, beams, girders, &c., is of 
a different character; tenacity, combined 
with flexibility, is what is wanted, to which 
may be added the power to resist impact. 

The same may be said of wheel tyres and 
other constructions where the strains are se- 
vere, and where the material is sufficiently 
ductile to prevent accidents from vibration, 
or those shocks and blows to which it may 
be subjected. Keeping these objects in 
view, the Barrow Company have, to a great 
extent, been limited to this description of 
manufacture; and judging from the duc- 
tility of the material as exhibited in the ex- 
periments, there is little chance of accidents 
from brittleness when subjected to severe 
transverse strains, or to the force of impact. 

In caleulating the value of the hematite 
steel we have been guided by the same for- 
mulz as adopted for comparison with similar 
productions from other works. Very few 
of them, however, would admit of compari- 
son, as no two of them appear to be alike. 
The hematite steel is manufactured at the 
Barrow Works for totally different purposes 
from those of other makers, and, having the 
command of a variety of ores for selection, 
as may be seen from the analysis of the ores, 
as well as the Tables, the desired quality of 
the steel can be obtained at pleasure. 

We have therefore submitted the different 
specimens to the same tests as those received 
from other makers, not only for the purpose 
of ascertaining wherein their powers of re- 
sistance differ, but also wherein consists 
their superiority, as regards deflection, 
elongation, and compression, from all of 
which may be inferred the nature and prop- 
erties of their different structures, and the 
uses to which they may be applied. 

It is for this purpose we have applied the 
same formulg of reduction to each particu- 
lar experiment, as in the other cases, and 
the results have been embodied in the sum- 
maries. 

As the Bessemer principle of manufactar- 
ing direct from the ore is calculated to pro- 
duce great improvements and great changes 
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in the production of refined iron and steel, 
and as the homogeneous properties of the 
material thus produced are of the very first 
importance as regards security, &c., it is 
essential to construction that we should be 
familiar with the mechanical properties of 
the material in every form and condition to 
which it may be employed. 

For this purpose I have given ali the va- 
rious forms of strain, excepting torsion, 
which is of less moment, as the strains 
already described involve considerations 
which apply with some extent to that of tor- 
sion, and from which may be inferred the 
fitness of the material for the construction 
of shafts and other similar articles to which 
a twisting strain applies. 

The great advantage to be derived from 
the Barrow manufacture of steel, to which 
we have referred, is its ductility combined 
with a tensile breaking strain of from 32 to 
40 tons per square inch. With these quali- 


ties I am informed that the proprietors are 
able to meet the requirements of a demand 
to the extent of 1,000 to 1,200 tons of steel 
per week, which, added to a weekly produce 
of 4,500 tons of pig iron, enables us to form 
some idea of the extent of a manufacture 
destined in all probability to become one of 


the most important and one of the largest in 
Great Britain. 

In this extended inquiry I have endeay- 
ored to deduce true and accurate results 
from the specimen with which I have been 
favored by the Barrow Company. In the 
same manner I have now to direct attention 
to the product of an entirely new system of 
manufacture, introduced by Mr. Heaton, of 
the Langley Mill, near Nottingham. 

The experiments on this peculiar manu- 
facture require a separate introductory no- 
tice, as the process of conversion is totally 
different to that of Bessemer, the puddling 
furnaces, or that of the old system of char- 
coal beds. 


For the finest description of steel, the old | —— 


process of conversion is still practiced at 
Sheffield, a fortnight to three weeks being 
required for the conversion of wrought iron 
into steel, and, with the exception of Mr. 
Siemens’ reverberatory gas furnace, there 
had been no improvements made on it, until 
Mr. Bessemer first announced his invention, 
by means of which melted pig iron was at 
once converted into steel. 

By the old process the metal was first de- 
prived of its carbon and reduced to the mal- 
leable state, when it was rolled into bars 





and retained from fourteen to twenty-one 
days in charcoal beds, until it had absorbed, 
by cementation, the necessary quantity of 
carbon. 

The new process of Mr. Heaton, unlike 
that either of Mr. Bessemer or cementation, 
simply deals with the pig iron, and, accord- 
ing to his own statement, eliminates the 
superfluous carbon, so that steel is in the 
first place produced, and thenee wrought 
iron of a still further elimination of the 
carbon. 

This is very different to the puddling or 
the Bessemer processes, of which the former 
was tedious and expensive, whilst in the 
latter the pig iron was rendered malleable 
without any additional fuel, and ready for 
the hammer or the rolls in a very short space 
of time. 

In so important a branch of metallurgy it 
would be remarkable if Mr. Bessemer had 
hit upon the only feasible means of convert- 
ing iron into steel. Other minds have been 
inspired in the same direction by Mr. Bes- 
semer’s success, and the admixture of metals 
to effect a transmutation, has been assumed 
in many forms and proportions, so as to in- 
crease our knowledge and lessen the cost of 
production. 

Amongst these is the new process of Mr. 
Heaton, the detailed description of which is 
given in a pamphlet by Dr. Miller, a copy 
of which is annexed. In addition to Dr. 
Miller’s statement, Mr. Robert Mallet re- 
ported on the subject, and expressed himself 
highly sasisfied with the results, both as 
regards the chemical and physical properties 
of the metal, and having been present at the 
experiments made at Mr. Kirkaldy’s testing 
machine, he states the result as under: 





Rupturing strain | Extension of rup- 
in tons per sqr.| ture per cent. of 
inch of section.| original length 





per in. 
21.65 
7.20 


22.72 
41.73 


Heaton’s steel iron. 
«cast steel. 


The results recorded in the above Table 
for cast steel are somewhat below the results 
obtained in my own experiments, being in the 
ratio for breaking strain—44.94 : 41.73, or 
as 1 to .936 nearly. 

The whole of these experiments appear to 
be correct, and assuming the statement of 
cost to be equally satisfactory, we arrive at 
the conclusion that, ‘taking steel from the 
furnace in ingots, or made into steel rails or 
bar iron, or in any other form or ordinary 
manufacture, the net cost of production, 
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after adding 10 per cent for management, 
including all cost of labor, fuel, and mate- 
rial, and making all allowances for wear and 
tear, and the like, is several pounds sterling 
per ton under the present market prices of 
the several descriptions of the metal.’? And 
this will be sure to be a matter of surprise 
when it is taken into consideration that (to 
repeat the words of Mr. Mallet) “ steel can 
be produced from coarse low-priced brands 
of crude pig irons, rich in phosphorus and 
sulphur; thus wrought iron and cast steel 
of very high quality have been produced 
from Cleveland and Northamptonshire pig 
irons rich in phosphorus and sulphur, and 
every ironmaster knows that first-class 
wrought iron has not previously been pro- 
duced from pig iron from either of these 
districts, nor marketable steel at all. With 
these observations, I have now to refer to 
the drawings of the furnaces and apparatus, 
which I have attached in illustration as an 
appendix. In conclusion I may state that, 
looking at this new process, and its further 
development as a step in advance of that 
which has already been done by Bessemer 
and others, we may reasonably look forward 
to a new and important epoch in the history 
of metallurgic sciences. 

Before entering upon the experiments, it 
will be necessary to repeat the formule of 
reduction as given in the previous report of 
1867. This appears to be the more requi- 
site, as it may be inconvenient to refer to 
the Transactions of 1867, where it was origi- 
nally introduced. 


ForMvuL& oF REpwctTIon. 


For the Reduction of the Experiments on 
Transverse Strain. 


When a bar is supported at the extreme- 
ties, and loaded in the middle. 


w T° 
4dKd’ 
where / is the distance between the supports, 
K the area of the section of the bar, d its 
depth, w the weight laid on, added to five- 
eights the weight of the bar, d the corre- 
sponding deflection, and E the modulus of 
elasticity. 

When the section of a bar is a square, 

w i , 
on i» ee o a 

These formule show that the deflection, 

taken within the elastic limit, for unity of 


E= teen & 





AwnaALyseEs oF Iron ORES USED AT THE BARRowW Hematite Iron any Steet Company’s Works, BArrow-1n-Furness, LANCASHIRE. 


TaBLeE No. I. 








Silicia. 





Total. 





In- 
soluble 


Resi- 
due 





Bis 


-ouse ly 











‘osound 
“wey jo 
apixoloig 





Alu- 
mina, 





Silicia. 





Car- 


| 
bonic 


Sul- 
phurie | 
Acid 


| 


Phos- | 
phorus. | 


. | Acid. 


| none 


none 





Phos- 


phoric 
Acid. 


Iron. 











“ 
“ ( . 
Moor (blast, 
“ ( be 
“ ( “ 
| bd (common) ......! 
s* Lindal Cote (puddling, No. 1) 


Lindal 


1 
Q* 
3* 
4 
5 
> | 
7 


No. 1) 


9* Lindal Moor ( 


10 | 


s (puddling).....».. 
© MURAI) .cccccces 


§ 


gden 
13* Monsell Mine (best)... 
| “ 
Newton Mine (blast) 


Whitrig 
Bro 


11 | 
12 


| 


seeeeeeeee 


16 | Urswick (blas 


The names marked thus * are used for making iron by the Bessemer process. 
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pressure, is a constant, that is, Sp, 
w 


constant. 


Let — —m 


w, 
of values of D, “determined by experiment in 


6, 


a see he oy be a series 


w, 


a given bar: then, 


for a given bar. 


Now, for the same material and length, 
and when the section of the bar is square, 


If D, be put for the value of D, when 


S oDa 
w 


1 
"Kd 


d* 


S «Dat oe 
w 


d=1, then, 


. wwe 
=~ (" a 


n Ww, 


1/4 r) rs) 
D= ( aa +— i. <¢ + 
n\w' ‘w w 


which gires the main value of this constant 


+ on. 


Wa 


) . + (8), 


ja . (6), 


which expresses the mean value of the de- 
flection for unity of pressure and section. 
This mean value, therefore, may be taken 
as the measure of the flexibility of the bar, 
or as the modulus of flexure, since it meas- 
ures the amount of deflection produced by 
a unit of pressure for a unity of section. 
Substituting this value in eg. (2), we get 


er ow sss (7), 


which gives the mean value of the modulus 
‘of elasticity where D is determined from 

eq. (6). 

the work, U, of deflection is expressed 
by the formula, 

6 wd 
U=3XwX To 94 « « » (8), 
where 4 is the deflection in in. correspond- 
ing to the pressure, w in lbs. If w andd 
be taken at or near to the elastic limit, then 
this formula gives the work, or resistance 
analogous to impact, which the bar may un- 
dergo without suffering any injury in its 
material. This formula reduced to unity of 
section becomes 
wo 
U=aiK ie a ee 

If C be a constant determined by exper- 
iment for the weight, W, straining the bar 
up to the limit of elasticity, so that the bar 
may be able to sustain the load without in- 
jury, then 


Wl-0Kd .... (10), 


where os, or + of the corresponding re- 
sistance of the material per square inch at 
the upper and lower edges of the section. 


* 4 Kd 
** C= Tr (11). 


When the section of the bar is a square, 


_ Wi ‘. 
C= TR tea as Se 


4D which gives the value of C, the modulus of 


1 


TABLE No. II. 


Summary or Resvutts or THE EXPERIMENTS ON TRANSVERSE STRAIN. 





Date of 
Experi- 
ment. 


Manufacturers. 


No. of Experiment. 
Mark on Bar. 


Mean Value D of the 


y 
ro 


Elasticity by Eq.(8). 
Work of Deflection U 


ty E corresponding 
to 112 lbs. Pressu 
up to the limit of 
for Unity of Section 
of Working Strength 
by (Eq. (12). 


| Work of Deflection U 
by Eq. (9). 


sure and Section b 
Modulus of Elasti- 
city E by Eq. (7). 
Modulus of Elastici- 


Eq. (6). 


Deflection of Pres- 
Mean Value of the 


+3 | Value of e the Unit 





June, 1866 
do 
do 


The Barrow Hematite Steel Co. 
do do 


onoe 


do do 


° 
s 
7 


77.944| 77.917] 6.360 
14.242) 14.383 3.105 
20.155| 19.757) 3.540 


.001308 30,096, 000 33,830,000) 


-001280/30,754, 000 34,443,600 
-001319 29,717,000 32,717,000 


| 
| 
| 





Jan., 1868 
‘do 


*et 


The Barrow Hematite Steel Co. 
do 
do 
do 
do 
do 


a 
 & te 09 boy 





.001383 28,460,000 31,740,000) 21.200) 18.480, 3.225 
-001384/28,440, 00028, 610,000) 28.280) 25.950, 3.938 
001406 28,090,000 29,000, 000 24.250) 23.490, 3.781 
-001330/29, 600,000 28, 590, 000) 28.280) 28.280) 4.315 
-001658'23, 740,000 25,720, 000 34.030) 30.810) 4.108 
-001595/24, 680,000 23,550, 000) 34.420) 31.730) 4.112 


| 
| 





do 
do 
do 
do 


on r Oh 











-001481) 26, 580,000 26,060, 000 83.250) 83.410) 

-001354/29, 070,000 29,640, 000/108. 400/101. 100) 

-001419) ‘27; 740,000 26, 160, 000/105. 900/102. 300) 

-001295/30,400, 000 35, 120, 000/102.300,100.300, 8.094 

.001351/29,140,000:31,140,000 85.440} 81.600, 7.209 

ne 80.210) 77.130) 6.925 
I 





——— 
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strength or the unit of working strength, limit; this value of C gives the comparative 
W, being the load determined by experi- permanent or working strength of the bar. 
ment, which strains the bar up to its elastic’ 


Tate No. II. Summary or Resvrts or tHE EXPERIMENTS ON TENSILE STRAIN 





Elongation 
“| Value of U, or Work Pro- 


ength. 


Breaking 
Strain per 
square inch 
of Section. 


E. 


Manufacturers. Remarks. 


| 





duc’g rupture, by Eq. (13) 


cimen, 
per Unit of 





Weight laid on in Pounds. 





Specific Gravity of Spe- 





Mark on Bar. 
Correspondin 








| No. of Experiment. 





| 
| 


} Lbs. | Tons. | | 

The Barrow Hematite Steel Co.| June, 1867|7.7006 40,594) 93,383 41.700) 0406 1895 Broke in neck. 

do do do 7.7710 30,304, 89,724 36.030) .0866 3495/Broke in center. 

do do 7.7899 30,304 63,607 30.630) .0656 2250 Broke 14 in. from 
| | } | neck. 


| bom 





‘The Barrow Hematite Steel Co., H 1* Jan., 1868 1858/6157 Broke in center. 

do do Hi 2¢ do 7.797833, 574 72,341/32.690 0312 1141 Broke 2 in. from 
| | | | | center. 

do do H 3¢ do 7.7952.32,014| 68,75830.690 .0812 2791 Broke 14 in. from 
| | } | | | neck. 

do do H 4* do 7.7956 35,334) 75,736.33.810) 0906/3430 Broke in neck. 

do do H5 do 7.8654 33,574) ee aoe 2831 Broke 1 in. from 
| | | | | eenter. 

do do H 6¢ do 7.8159 35,124| 75,120:33.530). 1000 2756 Broke in center. 


| o-v 7 oe 





The Heaton Steel Company ..| April, 1869/7.825541,104) 93,545)41.761).0390 1824 Broke in neck. 
do do 2 do 7-8176,42,199| 93,52641.752 .0312)1459 Broke in neck. 

do do do 7.8153 eoaee i 13,178,50.526).0937 5302 Broke 2 in. from 

| center. 

do do . do 7.8003 45, 8281134,860146.8161.03641908 Broke in neck. 

do do do 7.8128 44,144) 98,866/44.136).0937 4631 Broke near neck. 

do do do ana ies eee Sele ater wank wn in. from 

| neck. 


et et 
Ww wre co 





— 
oon 











Taste No. IV. Summary or Resutts of THE EXPERIMENTS ON COMPRESSION. 





om- 
> or Work 
by Eq. 


Date of | Greatest Weight 
Experi- { laid on per square 
ment. inch of Section. 


Manufacturers. Remarks. 


pression per Unit of 


Length. 


‘Value of U 
Expended in Crush- 


ing the Bar, 


(13). 


No. of Experiment. 
Corresponding C 


Mark on Bar. 





Lbs. Tons. 
June, 1857| 225,568 | 100.700 | 22,556 | No cracks. 
do 225,568 | 100.700 | . 50,752 | do 


The Barrow Hematite Steel Co. 
do do 
do 225,568 | 100.700 | 50,752 | do 


one 


do do 





** 


The Barrow Steel Company... 
d 


Jan., 1868| 225,568 | 100.700 | | 54,136 | No cracks. 
o do 


225,568 | 100-700 59,211 | do 
225,568 | 100.700 | . 53,459 | Slight oracks. 
225,568 | 100.700 44,211 | No cracks. 
225,568 | 100.700 45,113 do 
225,568 | 100.700 45,113 do 


aoh=-t=-1--]--1--8 i --1--1-- 


CSCONTOo wtor 
Qo Chor Qn, whee 


* 





The Heaton Steel Company ... 
do do 
do 
do 
do 
do 


225,568 | 100.700 | 37,557 | No cracks. 
225,568 | 100.700 32,481 d 

225,568 | 100.700 22,985 
225,568 | 100.700 27,857 
225,568 | 100.700 28,985 
225,568 | 100.700 32,481 
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Tensile Strain, &c. 
The work, w, expended in the elongation 
of a uniform bar, 1 ft. in length, and 1 in. 
in section, is expressed by 


L 
Us}. K.5=4P, 2, . . (18), 


where P=E = the strain in lbs. reduced 


to unity of section, and 7,—= : =the cor- 


responding elongation reduced to unity of 
length. 

This value of wu, determined for the differ- 
ent bars subjected to experiment, gives a 
comparative measure of their powers of re- 
sistance to a strain analogous to that of im- 
pact. 

By taking P, to represent the crushing 
pressure per unity of length, and 7, the cor- 
responding compression per unity of length, 
the foregoing formula will express the work 
expended in crushing the bar. 

We now proceed to the experiments tabu- 
lated in Table No. II, upon a collection of 
experimental bars, supplied from the Barrow 
Hematite Steel Company and Langley Mill, 
ranging from .995 in. to 1,044 in. square, 
the bearings being 4 ft. 6 in. apart. 

The second series of experiments refer to 
the tensile strength of the steel from the 
Barrow Hematite Works and from Langley 
Mill, the length of the specimen being 8 in. 
and the diameter practically } of an inch. 
Table No. III, shows the summarized re- 
sults. 

The third series of experiments referred 
to in Table No. IV, shows the power of re- 
sistances of the two classes of steel to com- 
pression. The average height of the speci- 
mens before experiments was .970, the di- 
ameter .72 in., the area being .4071 square 
inches. 


Abstract of Experiments on Hematite Steel. 

The strength of these bars, owing to their 
flexibility, is inferior to the strength of the 
other Bessemer steel bars before experi- 
mented upon. Taking the average of all 
these latter bars as the mean value of C, 
the unit of working strength is 5.8 tons ; 
whereas the constant for the hematite bars 
is 4.2 tons, showing that the former are about 
one-third stronger than the latter. With 
about one-seventh more weight laid on the 
bars, their power of restitution was meas- 
ured by about two-thirds of the whole de- 
flection, showing that this load was considera- 
bly within that requisite to produce rupture. 








Owing to the high flexibility of the hematite 
bars, their modulus of elasticity is low. It 
may be here worthy of observation that for 
bars of the same length the modulus of elas. 
ticity varies inversely as the co-efficient (D ) 
of the deflection for unity of pressure and 


section—that is Eo). 
1 

These bars underwent a great elongation 
by a tensile strain, and a large compression 
by a compressive strain, the average elonga- 
tion being per unit of length .0792, and that 
of compression .419; whereas the three 
numbers for the other bars before experi- 
mented upon, did not on an average exceed 
-06 and .353 respectively, showing the flex- 
ibility and superiority of this steel in its 
powers to resist impact. The average ten- 
sile resistance of the bars is about 35 tons 
per square inch, whereas the resistance of 
the other Bessemer bars before experimented 
upon was about 42 tons, so that the tensile 
strength of the latter is one-fifth greater 
than that of the former. 

The quality of hardness of steel and 
wrought iron, may be comparatively meas- 
ured by the amount of extension under a 
given tensile strain, and the amount of com- 
pression under a given compressive strain. 

Applying this test to the results of the 
experiments on the various steel bars, we 
find that the hardest steel bars were the 
strongest, irrespective of the companies by 
whom they were manufactured. We find, 
for example, that the elongation per unit of 
length for eight of the best Bessemer bars 
did not exceed .018, and the compression 
per unit of length did not exceed .25. These 
bars had a temper probably exceeding that 
of spring steel, and less than that for tools. 
The hematite bars are of a totally different 
description of steel from that manufactured 
for springs and tools, and this accounts for 
their comparatively low power of resistance. 


Abstract of the Experiments on the Heaton 
Steel. 


This steel being the product of a totally 
different process of manufacture from that 
of all the other steel bars previously exper- 
imented upon, it is a matter of great impor- 
tance to know how it stands in relation to 
them as regards strength and those other 
properties which are peculiar to steel. 

It is for this object that an abstract, sep- 
arate from the Barrow steel manufacture, has 
been drawn up. 
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These bars, in their resistance to a trans- 
verse strain, show a very decided superiority 
over the steel bars before experimented upon. 
For instance, the mean value of C, the unit 
of working strength for these bars, is 7.49 
tons; whereas the value of the other bars 
was only 5.746 tons, showing that these bars 
are 1.3 times stronger than the former bars. 
The value of U, or the work of deflection for 
unity of section for these bars, is 90.970, 
and for the other steel bars before experi- 
mented upon it is only 51.696. This value 
of U exhibits the power of the several bars 
to resist a force analogous to that of impact. 
It is therefore clearly shown that this steel 
must be peculiarly well adapted to resist a 
force of impact, considering that it is 13 
times superior in the quality than in that of 
the previous bars. 

The flexibility of the steel is somewhat 
inferior to that of the former bars, the meas- 
ure of flexibility, D, being for those bars 
.001345, and for the other bars .001361. 
The modulus of elasticity is somewhat low 
for steel, although at the same time it is 
very little below that for the general aver- 
age. 

This steel, I consider, is well adapted to 
withstand a severe transverse strain, for it 
combines the two essential qualities of great 
strength and powers in its resistance to the 
force of impact. 

The mean breaking tensile strain per 
square inch of action of this steel is 45.28 
tons, whereas the value for the other steel 
bars before experimented upon is 41.77 tons. 
The Heaton steel is therefore 1.08 times 
stronger than the average result given for 
all the steel produced by other makers. The 
result, while placing the Heaton steel in a 
highly satisfactory position when compared 
with the mean of the whole steel experi- 
mented on, places it at the same time below 
that produced by some of the individual 
manufacturers. 

The elongation of these bars was consid- 
erable, and a good deal above the mean for 
the other bars, thereby giving it a larger 
value for the work done in breaking the bars. 

These bars show high powers of resistance 
toa compressive strain, all the specimens 
having undergone the test of 100 tons on 
the square inch, without any visible external 
signs of fracture. 

From this abstract, it will be seen that 
this steel, manufactured by Mr. Heaton, 
stands in the most favorable light in com- 
parison with steel produced by other manu- 





facturers ; and if it is taken into considera- 
tion that two-thirds of the iron from which 
the steel was converted was composed. of 
Northamptonshire pig iron, we may reason- 
ably look forward to this invention creating a 
considerable improvement in the production 
and the cost of steel. 

After a short review of the comparative 
power of resistance of steel and iron, and 
the result of some experiments with a steel 
girder manufactured by the Barrow Hema- 
tite Steel Company, the author adds to his 
paper a detailed description of the furnace 
and apparatus for the manufacture of steel 
by the Heaton process, illustrated by dia- 
grams of the same, and the paper concludes 
as follows :—‘ It is given by the patentee 
—and we have no doubt correctly—that the 
cost per ton of converting crude pig iron 
into ‘crude steel,’ exclusive of the cost of 
the pig, but allowing for the waste upon it 
at the ratio of 60 lbs. per ton, is £2 4s. per 
ton, or £1 15s. in crude steel cakes. The 
cost of making it into ‘steel iron’ bars from 
the pig iron is £310s. per ton of finished 
bars, and the cost of making into tilted cast 
steel bars from pig iron is £12 15s. per ton. 
We have seen the invoices of cast steel bars 
of this sort sold from Langiey Mill at pri- 
ces equal to those now current at Sheffield 
for well reputed cast steel made by cementa- 


tion.” 
(* Roaps AND RAILWAYS AS AFFECT- 
ED BY THE ABRADING AND TRANS- 
PORTING Power or WATER.—The follow- 
ing abstract of a paper before the British As- 
sociation, by Mr. Logan, on Indian Rail- 
ways, is from the ‘* Mechanics’ Magazine ”’: 
The author commenced by stating general 
conclusions he had arrived at, to the effect 
that the abrading and transporting power 
of water was increased directly as the velo- 
city and inversely as the depth; also, that 
when flowing water had once got its proper 
load of solid matter in suspension, all ero- 
sive action ceased. In short, that it was 
like a balance, the load being always equal 
to the power, which power, somehow or 
other, increased as the velocity became 
greater, and decreased as the depth of a 
stream increased, Nature always adjusting 
the load to the various circumstances. He 
then gave a short description of the plains 
and rivers of Northern India, and, by the 
aid of diagrams, went on to argue that riv- 
ers flowing through alluvial plains were 
raising rather than lowering their beds, and, 
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though this silting-up process may be very 
slow, yet it was satisfactory to the engineer 
to know that the foundations of his bridges 
would be as safe, if not safer, a hundred 
years hence, as they are now. In speaking 
of the changes of the courses of rivers, he 
said that there was more or less a constant 
cutting going on on the concave banks of a 

: river, with a silting-up process on the oppo- 
site side. 

The next subject referred to was the de- 
nudation of the high level plains of Northern 
India, called ‘‘Doabs”’ (two waters), and 
locally known by the name of ‘“ Bhanger”’ 
land, in contra-distinction to the term ‘“‘Kha- 
dir,”’ or low valley lands, through which the 
large rivers, fed by the melting snows, now 
meander. Mr. Logan said that the higher 
ridges or ‘‘ back bones” of these Doabs were 
not caused by any upheavals, but were form- 
ed by the denudation of these high level 
plains ; and, as the rainfall was three or 
four times as great in the valley of the Gan- 
ges as that of the Indus, these back bones 
in the plains of the Punjab disappeared, as 
well as all defined drainage lines some fifty 
miles below the hills, for the simple reason 
that the water spread over these plains and 
was absorbed. To this peculiarity in the 
Punjab, particular attention was drawn ; for 
Mr. Logan argued that, if standing crops 
and grass could permit without receiving in- 
jury the rain which fell higher up to flow 
through rather than over those standing 
crops, surely the same water could flow over 
an iron rail at very slow velocities, seldom, 
if ever rising to such a height as to inter- 
fere with a locomotive passing over the line ; 
however, if it did, the obstruction could only 
last for not more than one day in a whole 
year. By acting on this principle, Mr. Lo- 
gan believed that hundreds of thousands of 
pounds can be saved in the construction of 
railways in Upper India, as no embankments 
or masonry culverts and bridges would be 
required in crossing such high level plains 
as the Bechna Doabs, which he had survey- 
ed; while pounding back these flood waters 
by embankments, and forcing it to find an 
escape through culverts, was most costly and 
dangerous, for it increased the abrading and 
transporting power of the water at the very 
— where alone it could do injury, name- 
ly, where it crossed the rails. 


In support of his argument he quoted ac- 
tual occurrences. He urged that deep foun- 
dations for bridges was the proper mode for 
spanning the large rivers of India, and that 


only one opening for both the main stream 
and the inundation water should be provid. 
ed; while any little water that might be lef 
behind in the swamps or low grounds which is 
below the level of the main river, should be 
drained off by spoon-mouthed syphons,-- 
Speaking of the minor torrents, he briefly 
referred to another description of bridges, 
resting on inverts, with deep massive cur- 
tain walls, which may, with economy, be in- 
troduced in some instances; and concluded 
by stating that if once the abrading and trans- 
porting power of water was more fully inves. 
tigated, the engineer could proceed with all 
descriptions of works affected by flowing wa- 
ter with greater confidence and economy, in- 
stancing harbors on the Madras coast, which 
province, from being at present a financial 
loss to the State, would soon become profita- 
ble, both to India and England, by inereas- 
ed commerce. 


EA-GOING Suips.—Mr. Merrifield read, 
before the British Association, extracts 
from the report of the committee on the state 
of knowledge of stability and sea-going qual- 
ities of ships. The report treated at con- 
siderable length on the rolling of ships in 
still water, followed by an account of the 
mechanism of waves, and an abridgement of 
what is known on the subject of the rolling 
of ships in wave water. The report itself be- 
ing, in reality, a very condensed abstract of 
our existing knowledge, it would be difficult 
to make a useful selection for reading.— 
Meanwhile, it may be stated in general 
terms that the rolling of a ship in still wa- 
ter, and her behavior in a sea-way, al- 
though interdependent, involve very diver- 
gent conditions. It seems that the chief 
point to attend to, to secure easy rolling, is 
that the natural period of the ship’s occilla- 
tion should not coincide, or nearly coincide, 
with the period of the waves, and there 
seems reason to suppose that we already 
know how, in a rough way, to influence the 
natural periodic time of the ship, so as to be 
able to predict nearly in what wave she will 
and in what wave she will not roll through 
excessive angles and with excessive quick- 
ness. But our knowledge is exceedingly 
crude and deficient in detail, and even our 
known means of observation of the height 
and form of waves are very unsatisfactory. 
He also read several reasons by Mr. Froude 
for not agreeing with the committe.—Me- 
chanics’ Magazine. 
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~ FIRE-PROOF CONSTRUCTION. 


From a paper read before the New York Chapter of 
the American Institute of Architects, April 5, 
1869, by P. B. Wieut, F. A. I. A. 


A distinguished member of this body not 
long since remarked that a fire-proof build- 
ing was easily defined: “It is a building 
which cannot burn, and which contains noth- 
ing that will burn.”’ 

It is very seldom that any building is re- 
quired for such use that only non-combusti- 
ble material shall be placed in it; but it is 
still a fact that fire-proof buildings are often 
called for, and are needed, wherein large 
amounts of combustible materials are to be 
placed.* To supply such a demand is one 
of the most important problems offered to 
the architect for solution. Of such build- 
ings are storage warehouses, and stores or 
shops, wholesale and retail, as well as build- 
ings for certain kinds of manufacturing pro- 
cesses, such as sugar houses and carriage or 
furniture shops. 

Having devised a building of non-com- 
bustible material throughout, the question 
which next arises is, how to keep a confla- 
gration in one part from extending to all the 
contents of the building? It seems to me, 


that in buildings for such purposes, the idea 
of making them only partially fire-proof is 


not to be considered for a moment, unless 
perhaps the material contained is so highly 
inflammable that it would destroy the mate- 
rial of the building, even if it is divided into 
fire-proof compartments, in which case it 
seems to be folly to go to the expense of fire- 
proof materials at all. When you know 
that no part of your building can burn of 
itself, it is evident that every atom of it will 
offer some resistance to the enemy confined 
within. I believe, too, that it is impossible 
to smother or choke a fire once commenced, 
by the use of closed compartments. Acci- 
dent or carelessness may leave some open- 
ings which will facilitate a draught in some 
unforeseen way. And even supposing that 
you have shut in your fire by some arrange- 
ment of closed compartments, can you give 
your compartments less air than a charcoal 
pit? Close it as much as you will, your 
confined goods, if the barriers are not forced 
by the immense power generated by the 
heat, will at last be reduced to charcoal; 
for you cannot open a door or window upon 





* But, by combustible material, I do not by any 
means intend what the insurance companies call haz- 
ardous, but dry goods, books and similar things, 
which will burn independently of the building in 
which they are contained. 





such a smoldering fire, but that it will in- 
stantly burst into flames. Ships have been 
brought into port with smoldering fires 
under their closed hatches, which have been 
in existence for weeks at a time, while but 
few have been eventually saved under such 
circumstances, except by scuttling. Such 
conditions do not exist with regard to build- 
ings ; in them there is not the risk of human 
lives, which may be saved on shipboard only 
by closing down the hatches, and scuttling 
is obviously out of the question. 

Store-houses are the only class of build- 
ings which admit of division into air-tight 
compartments, and there is a practical ob- 
jection to them in even buildings of this 
class; but few kinds of goods can be pre- 
served without good ventilation. It seems, 
therefore, that the compartments should be 
open and accessible from without, but care- 
fully divided from each other. If so, they 
afford good facilities to those employed in 
extinguishing fires; and I think that ina 
building thus arranged there would be a 
more reasonable chance of a portion of its 
goods being saved. 

The division of buildings into horizontal 
compartments, rather than vertical ones, is 
so much more desirable, where land is ex- 
pensive, that inventors have almost exhaust- 
ed their ingenuity in devising thoroughly 
fire-proof floors. It is obvious, however, 
that the division of a building by vertical 
fire-proof partitions, is a matter so easy of 
accomplishment, that it is questionable 
whether the horizontal division, so beset 
with practical difficulties, so expensive, and 
withal so much less to be depended upon, 
even when the best systems of construction 
are used, is ever economical, even where 
ground is expensive. I even question 
whether it is of any use to build iron floors, 
or floors with iron supports, for buildings 
to contain goods; brick piers and groined 
arches are alone reliable. If you divide 
horizontally, you must have stairways within 
and windows on the exterior, both of which 
welcome the ascending flames. You may 
enclose your staircase in a fire-proof enclos- 
ure, and you may rut the heaviest iron shut- 
ters on your windows, but you must have 
doors through which to gain access from 
your stairways, and you must open your 
shutters when you want light. There isa 
contingency that those traps may be set 
when the enemy comes, and then all your 
expensive floors represent so much wasted 
capital. 
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As yet, I believe that no buildings in this 
vicinity, built purely for storage purposes, 
have been constructed entirely of fire-proof 
materials, except the St. John’s Depot of 
the Hudson River Railroad Company. I 
am not aware that any attempt has been 
made in these buildings to stop a conflagra- 
tion among the goods on storage, either by 
horizontal or vertical compartments. The 
floors, to be sure, are of iron and brick, non- 
combustible, but with hoistways; and it is 
not difficult to conjecture, even supposing 
that all horizontal openings and iron shut- 
ters were closed, what would be the result 
of a fire raging on one of those floors, hun- 
dreds of feet in expanse. 

Several fires occurring recently in the 
Brooklyn warehouses, have warned their 
owners to take extra precautions, even 
though none of these warehouses are fire- 
proof, if I am rightly informed. One of 
the best is known as the Pierrepont Stores, 
near the Wall street ferry, and the arrange- 
ment of them is well worthy of notice. 
These are about three hundred feet in 
length, and are divided into six com- 
partments by fire-proof party walls; the 
width of each compartment is consequently 


about fifty feet, and the length about two 


hundred feet. The floors are of wood, and 
it would have been useless to make them of 
iron and brick ; for the goods taken in them 
are mainly sugars, and it would be folly to 
attempt to arrest a fire of such combustible 
material in its ascending course, by any 
practicable devise. But what is most inter- 
esting in these buildings is, that each is for- 
tified against its neighbor. Recently the 
party walls were carried up about six feet 
above the roofs, and were pierced with em- 
brasures, through which firemen can play 
from the roof of one buiding upon the flames 
in another, with perfect safety to them- 
selves. Here is an instance wherein capital 
would have been wasted on the expensive 
materials required for fire-proof floors. 

It is the duty of the architect, as I von- 
ceive it, to guide the capitalist in coming to 
a decision on such points. If he devises 
economical methods, his commission is les- 
sened, but thereby so much more capital re- 
mains unemployed, but ready for investment 
in other enterprises. It would be foreign 
to my subject to enlarge upon this point, 
and show how much more it is to the inter- 
est of the architect to study reasonable 
economy in his work, especially buildings 
for business purposes; but I will. let the 





suggestion stand for what it is worth. Per. 
haps a knowledge of the fact that most mem- 
bers of our profession agree with me in this 
opinion, would go far towards disarming the 
misgivings of many a client upon the ques- 
tion of commissions. 

Buildings for manufacturing purposes 
next demand attention. Some time since 
a manufacturer and contractor for iron 
work remarked to me, that if some one 
would only put up a large fire-proof build- 
ing, with good steam power, to be rented 
out for manufacturing purposes, his fortune 
would easily be made. I have often thought 
of the suggestion, and wonder why it had 
not been acted upon. He said that at that 
time it would be impossible to hire a fire. 
proof shop or room, with power, in this city. 
Now, there are many occupations requiring 
delicate, and not easily replaced machinery, 
or in which are involved elaborate experi- 
ments, running for long periods—the de- 
rangement of which could not be recom. 
pensed by any amount of insurance—for 
which a fire-proof building would be almost 
invaluable. The saving of insurance on 
such a building and its contents would be 
greater than the interest on the extra cost 
of fire-proof floors, and would enable the 
owner to rent his rooms at a lower rate—in 
proportion to the equivalent given—than 
could the owners of buildings with wooden 
floors. The extra cost of fire-proof construc- 
tion in a manufacturing building is small 
when compared with that of a bank or public 
building. The walls and ceilings require 
neither lath nor furring, and the floors may 
be of flags or slate, bedded on the brick 
arches, or what is better, plates of cast iron 
bolted to the beams—which will presently 
be described. All inside finish may be dis- 
carded, and iron doors, of No. 16 iron, with 
light wrought-iron frames, hung to stone 
templates in the jambs, are the only safe 
coverings required for the openings. 

Such fire-proof buildings, as have been 
erected for manufacturing purposes, have 
been specially designed for single occupants. 
The most perfect and the earliest that I 
know of, is a building erected on Vestry 
street, about ten years since, for the Gro- 
cers’ Sugar Refining Company. This build- 
ing, as far as its material is concerned, is 
absolutely fire-proof. It is most remarka- 
ble for its floors, which are made of plates 
of boiler-iron riveted together and secured 
to the beams in large sheets. This is the 
most simple system of floor construction I 
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have ever seen, and has many advantages. |that the roll, having the form of a round 
But I have not seen the building in use, | bar, would best resist tension. The matter 
and do not know the floors answer the ends| of the bearings is easily remedied by a cast- 
for which they are intended. iron shoe on each end of the beam and bolted 

Some of the new buildings for the various |to it. This shoe, with a broad foot, would 
gas works in this city are fire-proof. The | answer the purpose both of template and 
best are those of the Metropolitan Company, | anchor, and if made to project from the wall 
at the foot of Forty-second street, North|and assume an ornamental shape, might 
river. But they are, at best, only sheds—| become a visible and constructive bracket. 
brick walls, with iron shutters and roofs./The deck beam inverted would evidently 
Large, open, and well ventilated, they serve | present the best appearance from below in 
their purposes well; but they can hardly be | cases where the flooring is placed on top of 
called architecture. the beams—the various methods of doing 

The most extensive attempt to build a) which I propose to discuss further on.— 
fire-proof building for manufacturing pur- | Should the deck beam come again into use, 
poses was the enterprise of Harper and Bro-/ it might be made of more ornamental form 


thers. This was one of the pioneer build-| 
ings of the new dispensation. The Harper 
girder is well known: it is an ornamental 
cast-iron beam, with a tie rod, and was the 
father of the truss beam, now so extensively 
used for supporting the rear walls of stores. 
It has been succeeded by the built-up beam, 
now generally used for girders, and the 
double rolled beam. It was eminently a 
constructive beam, using iron according to 
its best properties, cast-iron for compression 
and wrought-iron for tension. I doubt not 
that it will some day be again used where 
girders are required. The built-up beam | 
was invented for the restorers of the “pure” 
styles, who think that furring strips, laths, 
plaster, and a modicum of run moldings, 
not to forget ‘‘a neat panel on the soffit,”’ to 
be a good substitute for the honest lintel of 
the Greeks, and more artistic than the con- 
structive beam which Mr. Bogardus designed 
forthe Harpers. When men are no longer 
ashamed to display good iron construction, 
and bend their artistic conceptions to their 
constructive skill, we may hope to see some- 
thing like the Harper beam revived, and 
decorated in a manner befitting its use.— 
But I fear that this will be done when a 
more rational generation than our own holds 
sway. But to return. In Harpers’ build- 
ing, a8 in the Cooper building, the deck 
beam was used for the floors, and brick 
arches, such as those now in use, were em- 
ployed. The deck beam has also gone out 
of use. When first employed, iron béams 
were not made for houses, but for ships.— 
The I beam has replaced the deck beam for 
theformer purpose. And in this connection, 
I would suggest an inquiry into the practi- 
cability of using the deck beam inverted.— 
It has always seemed to me that the broad 





flange would best sustain compression, and 


without detriment to its strength. The 
bottom roll or flange could be molded in 
various ways, as is here suggested : 


TTT 


These forms could easily be developed 
between the rollers. The shoes for the ends 
of beams might be of this form :* 




















4 





But, except in so far as the floors are con- 
cerned, the Messrs. Harpers’ building is far 
from being fire-proof. There is much wood- 
work in its inside finish, and the contents 
being of a highly inflammable nature, I fear 
that fire would have its own way in that 
building unless early checked.t 





* Figs. 4 and 5 represent a section and side eleva- 
tion of the beam shown in fig. 3 with a cast-iron shoe; 
ab is the face of wall, andc dis the bearing of the 
shoe on the wall. 

¢ An inspection of Harper and Brothers’ building, 
since writing this paper, has convinced me that the 
——- of division into horizontal compartments has 

een carried out more thoroughly in it than in any 
other building of the kind. There are no openings 
through the floors. It contains neither interior stairs 
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Of banks and insurance buildings we cer- 
tainly have a large number which are, to 
all intents, fire-proof, though but few are 
thoroughly so. It is generally admitted 
that such buildings are not in danger from 
their contents, and to this belief may be as- 
' eribed the fact that we already have so many 
of this class. The Continental Bank, the 
American Exchange Bank, the Mutual Life 
Insurance Company’s building, the Park 
Bank and the City Bank building, recently 
remodelled, are absolutely fire-proof. No- 
thing less than a bonfire of all the furniture, 
books and papers that could be collected to- 
gether in any one room of any of these build- 
ings would endanger its destruction. They 
are safe from any ordinary casualty. But 
in all the rest there is enough woodwork to 
make the word “fire proof,’’ as applied to 
them, of very doubtful significance. To 
show what a practical eye the insurance 
companies have, let me say that in nearly 
all the so-called fire-proof bank buildings the 
rates of insurance are as high as in ordinary 
business buildings. The rates are unusually 
high in the building which I happen to oc- 
cupy, on account of a well hole in the center 
which is trimmed with wood, and would 
earry a fire through the whole building in 
an instant. What I might say in relation 
to buildings of this class will be comprised 
in some practical suggestions upon fire-proof 
buildings generally. Let us then look for 
a few moments into the matter of construc- 
tive details. 

And, firstly, how shall floors be con- 
structed? Before the “ iron period,” when 
our Washington Capitol, our City Hall, our 
Old Exchange and Custom House were 
built, the Roman and Medizval vaults only 
were used—either of stone or of brick, 
plastered. When the width of a room was 
too great for one span, granite columns or 
brick piers were used, as in our old Ex- 
change, now the Custom House. The floors 
above the vaults were leveled up and paved 
with flags or marble tiles. As far as grace, 
strength, and absolute relief from the dan- 
gers of fire were concerned, this was a per- 
fect system. But now space is demanded ; 
there must be no more heavy piers and no 
great thickness of floors. We are therefore 
forced to use a material which, though not 
combustible of itself, will do little work if 





nor hoistways; both are on the exterior. The stairs 
are in an isolated tower approached by bridges, and 
the hoistway is without enclosure. This arrange- 
ment is, however, extremely inconvenient. 


exposed to great heat; and in this is seep 
the great difference between our fire-proof 
buildings of the brick period and those of 
the iron period, and the inferior fire-proof 
qualities of the latter. The problem now 
is to use the minimum of brick and the 
maximum of iron. I think, therefore, jt 
must be conceded that with the best we can 
do with this material there is danger; and 
the problem might be put thus: “Given 
iron, make as nearly fire-proof buildings as 
possible out of it.”’ What then has been 
done with it thus far? For columns, we 
have used cast tubes of all shapes and sizes, 
and the wrought iron pillars of the Phenix 
Iron Company. For girders, we have used 
compound beams of cast iron, with wrought 
ties; built-up beams of various forms of 
rolled and plate iron, bolted and riveted 
together; and common rolled beams, used 
double. For floor beams we first used deck 
beams for wide spans, and railroad iron for 
narrow spans; these have now been super- 
seded by the I-beam of various sizes. The 
rolling mills now have on their circulars I- 
beams of great dimensions and suitable for 
girders, but refuse to fill any but large or- 
ders; indeed, I believe that only one mill 
has rollers for beams larger than thirteen 
inches, while the others will not put up ma- 
chinery until they get large enough offers. 
So we are thus far deprived of large smooth 
beams of one piece for girders of long span— 
beams which no one would desire to hide 
from view, but which might honestly tell 
their use to every beholder. For supports 
between beams we have had Peter Cooper's 
terra cotta pots and the four inch brick 
arches. The former are out of use, and the 
latter are almost universally employed. Cor- 
rugated iron—first used in the Columbian 
Insurance building by Mr. Diaper—has also 
gone out of use. ‘The destruction of the 
Fulton Bank, a so-called fire-proof building, 
sealed its fate as far as floors are concerned." 
We have also had the experiment of stone 
floors in the American Exchange Bank, by 
Mr. Eidlitz, and repeated by another archi- 
test in the Mutual Benefit Life Insurance 
Building at Newark, N. J. The stone 
slabs, brick arches, and the Parisian floors— 
of plaster or concrete bedded upon bar iron 
gratings inserted between the beams—are 
the only practical systems of fire-proof floor 
construction now in use. The only attempt 








* That disaster was owing also to the fact that the 
beams, other than girders, were made only of No. 
| sheet iron with flanges of two-inch angle iron. 
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to lay the floor on the beams of which I 
have knowledge is in the sugar house before 
mentioned. This has suggested to me sey- 
eral methods of laying rigid floors upon 
beams at considerable spaces (three to five 
feet) from one another. Preliminary to so 
doing I have suggested the revival of the 
deck beam, or the I-beam with a better 
form for the bottom flange, and the adoption 
of cast iron shoes for the bearings. 

The objections to the brick arches are 
that their great weight requires heavier 


ufacturing buildings, wherein a reasonably 
smooth flooring is required, and a few 
planks, laid where workmen habitually 
stand, will answer the purpose of non-con- 
ducters of heat. Experiment must deter- 
mine the minimum quantity of iron (in pro- 
portion to the strength required) to be used 
in the floor plates. In obtaining the proper 
form of strength, and to ensure true cast- 
ings, the bottoms of the plates will naturally 
be covered with raised flanges, except at the 
edges where they bear on the beams. These 





beams than would otherwise be used, and | flanges or beams may assume a decorative 
that the form of their soffits is not beautiful : | form, either a plain diaper or a larger pat- 
for they have the appearance of a long/ tern, to form a complete design for the ceil- 
succession of little wagon vaults, requir- ing when many of them are combined. By 
ing a resort to the doubtful expedient of a judicious arrangement of the flanges the 
furring the ceiling with iron lath. I think ‘actual thickness of the iron may be reduced 
it might be objected to the French system |to three-eights, or a quarter of an inch. 
of floors that the expense would be too great,| When deafening is required, strengthening 
plaster being a dear article with us in com-| flanges may also be cast on top of the plates, 
parison with its price in France, while our |and consequently the beams can be placed 
own cement has not the requisite properties at wide intervals. The flanges on the top 
to enable it to be substituted, besides being will then serve to keep the concrete used 
almost equally costly. The stone slabs of for deafening in its place, and avoid the 
Mr. Eidlitz are the only rigid material thus | cracks which might occur in a large surface 
far used successfully with iron beams, and of cement. The deafening may be of any 
could be used to better advantage if laid on | thickness required, and will serve as a bed 
the beams rather than resting upon their |for the floor tiles. All that is then required 
lower flanges, as is done in the American | for the underside is judicious decoration of 
Exchange Bank. They are doubtless the | the beams and floor-plates. When deafen- 
handsomest material that can be used for|ing is not required, as in manufacturing 
this purpose, but are open to the objection | buildings, the tops should be smooth. It 


of being heavy and expensive—where ex-/|has been objected by a manufacturer, to 


pense is a question, and utility only is 
sought—requiring heavy beams and calling 
for elaborate cutting on the under side. It 
will be pertinent to our inquiry, therefore, 
to ask if there are any other rigid materials 
adaptable to this purpose, and possessing 
the desired quality of lightness and cheap- 
ness. A former draughtsman of mine, now 
a member of the Institute, first suggested 
the use of slabs of slate, about two inches 
in thickness, for spans of four feet, and 
thicker or thinner in proportion to the dis- 
tance of the beams from centers. I give his 
suggestion for what it is worth. But it led 
me to believe that we would eventually 
come to cast iron as the practicable material 
for this purpose, possessing the requisite 
qualities of lightness and cheapness, and ca- 
pable of being bolted to the beams, thus 
answering all the purposes of flooring and 
bridging. Cast iron plates may be used 
for flooring in two ways: first, when deafen- 
ing and finished floor covering are required ; 
second, when neither is required, as in man- | 





whom I explained this system of construe- 
tion, that the floors of iron would be too 
cold for the feet of workmen. But it would 
be very easy to put down platforms of wood 
where the men habitually stand. Besides, 
when the lower story is heated, the stratum 
of hot air immediately under the ceiling 
would naturally keep the floor at a higher 
temperature than that of the air in the 
room, and the greater conductibility of the 
iron would rather tend to warm the feet of 
those who stand upon it. The plates, in all 
eases being bolted to the flanges of the 
beams, would serve as bridging for the 
floors. 

By the above described construction of 
floors, I would attempt to get rid of the 
obnoxious and expensive iron lath, so gene- 
rally used. But it is more difficult to avoid 
their use on side walls, when the walls are 
to be plastered—and let me say here that 
there can be no excuse for plastering the 
side walls in a fire-proof building, except 
fer economy’s sake. The easiest and by all 
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means the cheapest expedient when plaster- 
ing is required is to build four-inch walls, 
secured to the main exterior walls by iron 
straps. These will not conflict with the 
building laws, provided you build your walls 
thick enough at the outset. There is, how- 
ever, no better way in which to finish inte- 
rior walls than to line them with stone or 
marble, or both combined. Where decora- 
tive effect is desired I would use stone with 
marble panels. Our native quarries now 
afford stone light enough in color to set at 
rest all objections that may be made to its 
use on the score of light. But if those 
should hold good the material might be 
marble paneled with marble, the former 
white and the latter colored. Obviously, 
the cheapest material for wall covering in 
natural materials would be slabs of. white 
marble. Let us, then, make some compari- 
son of figures, and see what can be done 
with this material. Iron lath, of the form 
generally used, cost 1.25 dols. per foot. 
Three-coat plastering costs nine cents per 
foot. A responsible dealer in marble in- 
forms me that he will put up inch slabs of 
Italian veined or Vermont marble for one 
dollar and a half per foot. Which, then, 
would you choose, polished marble at 1.50 
dols., or plaster, as good in appearance as 
that in any tenement house, at 1.34 dols.? 
This is a fair comparison for exterior walls 
or ceilings. Italian marble slabs can be 
procured in any quantity, from eight to 
nine feet long and three feet wide. Ina 
room fifteen feet high, allowing four feet for 
wainscot and two feet for cornice, you may 
line your wall with one length of marble. 
What treatment do we now give to doors ? 
We build brick jambs with wooden or iron 
lintels, as if we would trim the doors with 
wood. We then put up cast iron jambs, 
rivet to their edges pilasters or architraves 
of the same material, and then surmount the 
whole, perhaps, with a cast iron cornice and 
pediment. Some have gone so far as to in- 
lay the panels of the iron work with bits of 
colored marble, thus heightening the effect 
of the already rough finish of the iron, a 
roughness which the best foundrymen have 
been unable to prevent, and which it would 
cost untold money to reduce down to the 
smoothness of ordinary work in pine wood. 
In one of the most pretentious houses on 
Fifth Avenue they are now putting up 
jambs, architraves, and cornices made of 
sawn slabs of marble or marble boards in 
the same manner in which wood and iron 





have been used. And what does all this 
amount to? In the category of shams there 
is no equal to this monstrous succession, 
You have imitated a Greek or Roman arch. 
itrave and cornice by a wooden sham, your 
wooden sham has been imitated by an iron 
sham, your iron sham has been imitated by 
a marble sham; and what is the result? 
You have kept the form all along; you 
have come back to the original material by 
a succession of imitations, and have at last a 
shell without meat, marble carpentry instead 
of marble architecture. In all the stages of 
your attempt to revive the old forms you 
have sham imitations of shams down to the 
final achievement of your carpenter in mar- 
ble. Next must follow, I suppose, the imi- 
tation-marble vendor, who will crown the 
whole fabric of shams and give you some- 
thing which can as much be called architec. 
ture as Mr. Shoddy’s painted ‘red backs” 
and “ blue backs ’”’ resemble standard litera- 
ture. I offer no original suggestion to 
remedy this condition of affairs. Go back 
to vour old Greek, go back to your old 
Roman models, if you like them, and, seeing 
how they are built, go and do likewise; but 
spare us these sham contrivances. Set up 
your door posts and plant your lintel upon 
them, whether for exterior or interior use, 
and carve them to suit your fancy. They 
will be at least good so long as they be 
genuine and strong. Then figure up the 
cost of this kind of work, and see how much 
you have saved for your clients. 

In conclusion, let me urge you to study 
diligently the various problems affecting 
this subject which, in your experience, are 
continually offered for solution. In so 
doing, look mainly to a practical solution of 
the questions which may arise, and free 
yourselves from all consideration of s0- 
called rules of art, which might control you. 
The development of architectural design 
was no less affected by local and circum- 
stantial conditions with the ancients than it 
is with us; but the conditions at the present 
time are essentially different from and de- 
cidedly more various than those which con- 
trolled our ancestors, whether of the classic 
or medizval period. Whatever may have 
been achieved by art in those times was the 
result of, and co-ordinate with the practical 
solution of problems then offered. ; 

We have ignored the conditions which 
especially affect us, and the result is that 
our architecture, for whatever purpose, 18 
without originality, and wholly irrational. 
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As long as we allow ourselves to be gov- 
erned by rules of art founded on the expe- 
rience of the past, and precedents established 
by conditions which now do not exist, we 
need hope neither for good construction nor 
good art. Thejattempt to engraft the tra- 
ditions of the past upon the practical work 
of this century has resulted in failures in- 
volving the waste of hundreds of millions of 
capital in this country alone; I might name 
from memory a score of buildings, many of 
them the most prominent, and all the most 
costly that have been erected, in proof of 
this assertion. I would commence with our 
national Capitol, in whose dome may be 
seen the most flagrant attempt in all modern 
times to perpetuate a traditionary style in a 
material entirely different from that in 
which the style was developed—so different 
that the foundations under it could not 
carry the superstructure if it were erected 
of the material for which it would appear to 
have been designed ; and for want of found- 
ations of sufficient breadth, even to carry 
the iron work, it has been necessary to 
carry the whole exterior iron colonnade 
upon iron brackets, concealed beneath what 
appears to be the podium for the whole 
dome, but which is, in reality, a box of thin 


plates of cast iron, secured to a light frame- 
work built out over the roof of the building. 

In erecting modern fire-proof buildings, 
especially in so far as iron work is con- 
cerned, all the conditions imposed upon the 
architect are different from those which ex- 


isted in past ages. The same may be said 
of the use of iron in any building. Sub- 
serviency to style, when the material used 
is not such as was the controlling element 
of that style, is destructive to all good art ; 
for there can be no truly artistic effect ex- 
cept that which is produced by the best use 
of material, and its decoration in best ac- 
cordance with its nature. If the use of 
iron is ever to lead to the erection of build- 
ings worthy of being called works of art, 
such a result must be attained only by the 
recognition of this principle. 

The best thinkers have doubted whether 
there can be any such thing as architecture 
in iron, assuming, of course, that to be called 
architecture the material must be construct- 
ively used; and there is good reason for 
these doubts. An iron building does not 
always require the force of gravity to main- 
tain the cohesion of its parts; it possesses 
such properties that it may be swung in the 
air or balanced on a single point, if it is neces- 





sary soto do. It is a machine admitting of 
as little decoration as a steam engine or a 
printing press. If iron alone were used for 
buildings, constructive necessity and econo- 
my combined might lead us to build houses 
like steam boilers or water tanks. 

What has been done thus far toward the 
erection of iron buildings on constructive 
principles? We can only recur to the build- 
ings of the Crystal Palace pattern. We had 
a beautiful one in New York, admirably 
constructed, and well designed for its pur- 
pose ; but even that building was decorated 
in the Moresque style, perhaps as nearly ap- 
propriate to the material employed as any 
that could have been selected. Here origi- 
nality in treatment failed just where it was 
wanted. The same constructive principles 
were involved in the design of this building 
which would have been involved in the 
erection of a fire-proof building. In this 
respect it was a success. 

In the erection of fire-proof buildings, we 
are forced to do the best we can with iron 
while using it in the most varied capacities ; 
but when its use can be spared, let me en- 
treat you to rid yourselves of it; where it 
must be employed, use it rationally and con- 
structively; but better not decorate it at 
all than imitate styles nut in harmony with 
its constructive properties. As all iron 
must be painted, [ am inclined to believe 
that the best method of decorating it is in 
colors ; for this treatment the iron must be 
plain and simple, and the colors may be 
proportionately brilliant. With regard to 
other materials. I would suggest nothing 
more than is said above—in all things build 
rationally. First, let your work be strong 
and well balanced—no part too heavy— 
no part too light. Then decorate it in har- 
mony with its constructive features, never 
concealing materials except where necessary 
to protect them, and emphasizing the main 
lines of the construction by ornamentation. 
Thus only can the great problem of the day 
be solved, and the fire-proof architecture of 
the nineteenth century be made worthy of 
a rational and progressive age. 

Since this paper has been printed I have 
discovered several unintentional errors of 
statement, which I am glad to have an op- 
portunity to correct. The Harper’s building 
was not the work of Mr. Bogardus, but was 
designed and built by James L. Jackson 
and Brother, of this city. In saying that 
‘* but one mill has rollers for beams larger 
than thirteen inches,” I should have added 
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that fifteen-inch rolled beams had been 
made for some time by the Buffalo Union 
Iron Works. In giving Mr. Diaper credit 
for having first introduced fire-proof floors 
of corrugated iron and cement I did not go 
back far enough in point of time. The first 
building in which he used this system of 
floor construction was the old Bank for Sav- 
ings, in Chambers street, which was torn 
down some years since. 

I should have mentioned, among fire- 
proof manufacturing buildings for special 
purposes, the well built—though far from 
beautiful—building of the Singer Manufac- 
turing Company, in Mott street. I have 
recently examined it with much interest. 
This building has stood one of the most se- 
vere tests to which a building can be ex- 
posed. About a year ago a fire broke out 
in the lacquering room, which contained a 
large amount of combustible materials, but, 
though the fire raged for several hours, the 
building was not materially injured. The 
beams in this building are of wrought and 
cast iron combined—they are a patented in- 
vention of the Architectural Iron Works 
Company—and of section similar to a letter 
Y inverted. They are placed three feet 
from centers, and carry four-inch brick 
arches. I have not seen these beams used 
elsewhere. I might also have mentioned 
among fire-proof warehouses the building of 
the U. 8.Warehousing Co., in South Brook- 
lyn, known among grain merchants as ‘‘ The 
Iron Elevator.” 


pew CraNE Bor.ers.—The increasing 
number of boilers used for steam crane 
and other similar portable purposes renders 
it important that any dangerous defects to 
which these boilers are liable should be 


generally known. The explosion of these 
boilers has become by no means unfrequent ; 
and, as they are now constantly used in the 
erection of public buildings, and sometimes 
in close proximity to crowded thoroughfares, 
the subject becomes of increasing import- 
ance. We therefore take the present oppor- 
tunity of placing before our readers a few 
points in connection with this class of boil- 
ers which are referred to by Mr. Fletcher 
in a recent report to the Manchester Steam 
Users’ Association. The boiler to which 
reference was specially made was of the 
internally-fired vertical class, cylindrical in 
the external casing, as well as in the inter- 
nal firebox, and domed on the top, while the 
flames from the firebox passed off to the 
chimney through a single central uptake 





tube, which formed a most important tie 
between the crown of the firebox and that 
of the external casing. Boilers of this type 
are very simple in construction, and well 
calculated, when new, to resist a high pres- 
sure, so that they are very generally adopt- 
ed. The dimensions of the one under consi. 
deration were—height, 8 ft. 9 in. ; diameter, 
3 ft. 6 in. in the external shell, and 2 ft. 9 
in. in the firebox, while the thickness of the 
plates was 5-16 in., and the load on the 
safety valve per square inch, 70 Ibs. In 
this boiler there was found a deep groove or 
furrow running entirely round the inner 
casing of the firebox at the bottom of the 
water space, and eating into the metal toa 
depth varying from 1-8 in. to 3-16 in., so 
that more than half the strength of the plate 
was gone. This is not a peculiar case; 
others very similar have been met with, and 
especial danger arises from the fact that 
these grooves are very difficult to detect. 
They take place so low in the water space 
as to be very nearly, if not entirely, -on- 
cealed by the blocking ring at the bottom, 
while the only opportunity of examining 
them is through one or two small sight holes 
cut through the outer casing. 

It is frequently supposed that because 
boilers are small therefore they are safe, 
whereas the fact of their being small makes 
them dangerous. Small boilers cannot be 
inspected as larger ones can, since they do 
not admit of access for a man, and therefore 
they are to a greater or less extent apt to 
be worked on at a risk. The internal ex- 
amination of portable boilers, so important 
to their safety, is a question which hitherto 
has not received that consideration which it 
deserves, but the subject should no longer 
be neglected. It is well worthy of the 
atteution of engineers to endeavor to con- 
struct such portable boilers as are too 
small to admit of a man’s getting inside so 
that they may be taken to pieces for exami- 
nation, and it becomes imperative either 
that arrangements should be made for doing 
this, or that these boilers should not be 
allowed to work on for more than three or 
five years without being cut open for ex- 
amination, whatever the inconvenience 
might be. No doubt if the attention of 
engineers were directed to this subject, 
inventive talent would soon construct boil- 
ers that could without much difficulty be 
taken to pieces so as to be examined inter- 
nally, and thus their safety ensured.—Me- 
chanics’ Magazine. 
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WORKING GRADIENTS WITH A RUN. 


From ‘‘ Engineering.’ 


There are few more interesting examples 
of the utilization of the “ work ”’ stored up 
in a moving mass than that afforded by a 
railway train mounting by the aid of a 
“run” an incline up which the attached 
engine would otherwise be unable to draw 
it. The spectacle is such a common one to 
most railway men that probably but few 
ever devote a second thought to the princi- 
ple involved in this method of working a 
gradient, and yet these principles are very 
simple, and a proper appreciation of them is 
frequently of considerable use in practice. 
Under these circumstances we propose de- 
voting a little space to a consideration of 
this method of working gradients, in the 
hope that our remarks may be regarded with 
interest by those who have not hitherto paid 
the subject the attention it deserves. 

A railway train, moving at any given ve- 
locity, has stored in it an amount of energy 
or “ work,” which, expressed in the ordinary 
units or foot-pounds, is equal to the weight 
of the train in pounds multiplied by the 
height in feet through which a body would 
have to fall in order to acquire the velocity 
with which the train is moving. In other 
words, a train moving at any given speed 
would, if it were possible to direct its mo- 
tion directly upwards without checking it, 
rise into the air to the height from which a 
body would have to fall to attain the same 
speed as the train. In practice, it would, 
of course, be impossible to alter the direc- 
tion of motion of a train suddenly from a 
horizontal to a vertical one ; but if we sup- 
pose, for the present, that the train is ex- 
posed to no retardation from friction, the 
law will equally apply if, instead of the 
train being made to move directly upwards, 
it is made to traverse a gradually ascending 
incline. Let us, for instance, suppose a 
train to be moving at the rate of 44 ft. per 
second—a velocity which would be acquired 
by a body in falling 30.062 ft.,* or say, 30 





* The height from which the body must fall in | 
vacuo, in order to acquire the given velocity, is, | 
of course, calculated by the ordinary formula, 


$0.30 


4ft., then that train, if 
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directed on to a rising 
gradient would, ifthere 
were no retardation 
from friction, ascend 
that gradient until it 
reached a point 30 ft. 
above its original level. 
If the gradient rose at 
the rate of 1 in 100, 
the train would thus 
mount it for a distance 
of 30 100 = 3,000 ft., 
or, if its inclination 
were 1 in 50, it would 
traverse it for a dis- 
tance of 38050= 
1,500 ft., and so on; 
the steeper the gradi- 
ent the less of course 
being the distance to 
which the train would 
have to pass up it to 
attain the required 
elevation above the 
starting point. If the 
gradient did not rise to 
the height to which the 
energy stored in the 
moving train would be 
sufficient to carry the 
latter, then the train 
on reaching the top of 
the incline would have 
a certain residual ve- 
locity, this velocity be- 
ing equal to that which 
would be acquired by 
a body in _ pulling 
through a space equal 
to the difference be- 
tween the rise of the 
incline and the height 
the train 


2 would have mounted. 


Thus, if we suppose 














h= ea ; h being the height in feet, and v the 


velocity in feet per second. For all ordinary prac- | 
tical purposes, the divisor in the above equation 

2 j 
may be taken as 64, the formula then being h =F. 
Similarly, the velocity due to the height fallen is 
given by the formula » = 8h. 
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the train moving at a 
velocity of 44 ft. per 
second, which we have 
already taken as an 
example, to be turned 
on to an incline rising 
only 20 ft., it would 
on reaching the top 
have a residual velocity 
equal to that which 
z would be acquired by 
?a body in, falling 
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through a space of 30.062—20 = 10.062 ft., 
or a little over 25 ft. per second. 

It follows from what we have already 
stated that, so long as we suppose the mo- 
tion of the train to be unretarded by fric- 
tion, the vertical height to which it will 
ascend when launched upon a rising gra- 
dient at any given speed will be quite 
independent of the inclination of that 
gradient. As soon, however, as we take 
friction into consideration, this law be- 
comes modified, for the flatter the incline 
the greater will be the distance to which it 
will have to be traversed by the train in 
order to attain a certain elevation, and the 
greater, therefore, will be the space through 
which the retarding power of friction will 
be exercised. Arguing upon this fact, it 
may be considered that, if an incline is to 
be worked by “taking a run” at it, it will 
be best to make it as steep as possible, and 
thus reduce the length necessary for rising 
a given height; and to a certain extent— 
but to a certain extent only—this is correct. 
If a train was allowed to pass suddenly from 
a level line to a steep gradient, however, a 
great portion of its energy would be ex- 
pended in effecting the damage to the rails 
and rolling stock due to the sudden impact 
of the wheels with the ascending rails of the 
gradient, and the more steep that gradient 
was, the greater the loss due to this cause 
would be. Even if the very steep incline 
was united to the level line by a gradient 
curved in a vertical plane so as gradually to 
alter the direction of motion of the train, 
the centrifugal force generated by the pas- 
sage of the train over this portion of the 
line at a high speed would materially in- 
crease the pressure upon the rails, and thus 
augment friction. Moreover, it is but sel- 
dom that a train is intended to surmount 
gradients by a “run” alone, it being usu- 
ally assisted in ascending by the power 
exerted by an attached engine, and it must 
be remembered that the shorter the incline 
the less is the number of revolutions which 
the wheels of the engine will make in 
ascending it, and the less, therefore, will be 
the amount of work which the engine will 
be capable of developing during the ascent. 
It will thus be seen that there are, in most 
cases, practical objections to the employ- 
ment of inclines much steeper than those in 
general use. 

It may, perhaps, assist in rendering 
clearer the principles we have been explain- 
ing, if we apply them to an actual example ; 





and for this purpose we shall consider the 
working of the incline connecting the North 
London and Great Northern lines near 
King’s-cross, the details of which have been 
kindly furnished to us by Mr. William 
Adams, of the North London Railway. The 
incline we have mentioned is altogether 
2,016 ft. in length (measured along the 
gradient), and in this length it rises 41.3 
ft., the mean gradient being thus 2 in 48.81. 
The actual gradient varies, however, as 
shown in the annexed section, from 1 in 
82.3 to 1 in 42.5, and the lower part of the 
incline is, moreover, curved as marked on 
the sketch. As far as the question of work- 
ing the incline with a run is concerned, 
however, the variation in the rate of ineli- 
nation is of no consequence, the only matter 
to be taken into consideration being the 
length and the total rise. The gradient is 
worked by engines having 17 in. cylinders, 
24 in. stroke, and four coupled wheels 5 ft. 
9 in. in diameter, the weight in working 
order being 42 tons, of which 30 tons rests 
upon the coupled wheels. These engines 
take up regularly trains consisting of twenty 
loaded coal trucks and two brake vans; the 
trucks weighing 5 tons each and carrying 9 
tons of coal, and the brake vans weighing 
each 8} tons. The total load, including 
engine, is thus 339 tons. 

In ascending the incline the work to be 
done consists, first, in actually lifting the 
339 tons through a height of 41.3 ft., and, 
secondly, in overcoming the frictional re- 
sistances of the engine and train while tra- 
versing the length of the gradient, namely, 
2,016 ft. The first mentioned portion of 
the work, of course, amounts to 339 x 2240 
41.3 = 31,361,568 foot-pounds, and the sec- 
ond portion may be fairly estimated as fol- 
ows : 


Frictional resistance of engine at 18 Ibs. per Lbs. 


ton = 42X18 = 756 


Frictional resistance of train at 8 lbs. per 
tom = 297 X8 = cc ccnccecccccccccces 2,376 


Total frictional resistance 


This resistance has to be overcome through 
a distance of 2,016 ft., corresponding to the 
exertion of 2,0163,132 = 6,304,112 foot- 
pounds, which, added to the amount due to 
the actual lifting of the train, makes a total 
of 31,361,568-+-6,304,112 = 37,665,680 as 
the number of foot-pounds of work to be 
expended in conveying the train up the 
gradient. . 
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We now come to the question of how this 
power is to be provided. The engines used 
exert—as may be calculated by the ordinary 
rule—a tractive power of 100.5 lbs. for each 

und of effective pressure per square inch 
on the pistons; and as they are worked at 
a boiler pressure of 160 lbs. per square inch, 
we may assume that for a short run an effec- 
tive cylinder pressure of 130 lbs. per square 
inch could be maintained. Under these cir- 
cumstances the engine would exert a trac- 
tive force of 100.5130 = 13,065 lbs., and 
would develop 13,065 x 2,016 = 26,339,040 
foot-pounds of work in ascending the incline. 
Subtracting this from the total amount of 
work to be done, as determined above, we 
get 37,665,680—26,339,040 = 11,326,640 
foot-pounds of work as the deficit which is 
to be made up by the reduction of the speed 
of the train; and we must now proceed to 
ascertain from this how great this reduction 
of speed must be. The total weight of the 
train is 339 2,240 = 759,360 Ibs., and 
dividing 11,326,640 by this number, we find 
that the deficit to be made up is equal to 
the lifting of the whole train through a 


height of 12:26,640 _ 1478 f. If, there- 


759,360 
fore, the train had to merely reach the top 
of the gradient with no residual velocity, 
its speed on reaching the foot of the incline 
would have to be that which would be 
acquired by a body in falling from a height 
of 14.78 ft., or a little under 31 ft. per sec- 
ond. In reality, however, the trains have a 
speed of about 5 miles per hour, or 7.33 ft. 
per second on reaching the top of the in- 
cline ; and as this velocity would be acquired 
by a body in falling through .839 ft., we 
get .839--14.75 = 15.619 ft., or, say, 16 
ft. as the height corresponding to the ve- 
locity which the train should have at the 
foot of the bank; and the velocity itself 
would, by the ordinary formula, be 32 ft. 
per second, or about 21.8 miles per hour. 
We have been informed that in practice 
the speed at which the trains commence 
ascending the incline is slightly less than 
we have calculated above, and if this is 
really the case, the effective pressure on the 
pistons must be greater than we have as- 
sumed, or the friction of the train must be 
less. A series of indicator diagrams, care- 
fully taken during the ascent of the incline, 
and accurate observations of the speed of | 
the train on entering and leaving the latter, | 


would give some interesting information | 





which, we think, would be well worth the 
trouble expended in obtaining it. 

The total load of 339 tons, above men- 
tioned, is not the maximum load which the 
engines have taken up the incline under 
notice. Mr. Adams informs us that in some 
instances a load of thirty trucks and two 
brakes has been taken up, the gross weight 
of the engine and train in this case being 
479 tons. Applying the same mode of cal- 
culation to this as to the former example, 
we get the following results : 

Work to be done in lifting train== Foot-pounds. 

479X2,240X 41.3 = 44,318,248 
Work to be done in overcoming fric- 

tion = 4,252 2,016 = 


26,546,240 
This deficit is equal to lifting the whole 
weight of the train through a space of 24.74 
ft., and adding to this .839 ft. as before, 
we get 25.579 ft. as the height correspond- 
ing to the velocity required on entering the 
bank, and this velocity will thus be, in this 
ease, 40 ft. per second very nearly, or a 
little over 27} miles per hour. 


VERTICAL WATER TUBE BOILER AND 
YACHT ENGINE. 


From the ‘‘ Engineer.’’ 

We illustrate herewith a very neat boiler 
and engine for small yachts, patented by 
Mr. T. Messinger, of Ewell, Kent. 

It will be observed that the fire-box is 
large; it extends to the top of the water 
tubes, at the same time the bottom ends of 
these tubes are well down into the flame. 
The water tubes are placed ina circle round 
the fire-box, their bottom ends being full 
open to the side water space, and their top 
ends full open through the crown of fire-box. 
A baffle-plate is placed between the tubes, 
which prevents the flame from at once pass- 
ing towards the chimney. The flame is thus 
caused to spread outwards and impinge 
against the sides of the fire-box, and it en- 
velopes the lower ends of the tubes, striking 
against them in the best possible manner, 
viz: at nearly right angles; it is also well 
split up in passing between the lower ends 
of the tubes without being extinguished, it 


then has to pass between the upper parts of 


the tubes, and before it does so there is 
ample space between the upper parts of the 
tubes and the upper parts of the fire-box for 
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the flame to be well expanded, and a second 


inside the boiler, and also the generation of 


time it strikes the tubes in a good direction, | steam. It will be seen by the drawing that 


envelopes the upper parts of them in flame, | 


a cylinder of thin iron is placed in the outer 


which is well split up a second time in pass- | water space, full open at top and bottom; it 


ing between their upper parts. The flame | 
kept in position sideways by a few small dis. 


then comes in contact with a coil of copper 
pipe, through which the feed-water is passing 
from the pump to the boiler, the water enter- 
ing cold at the top, in passing down through 
the coil meets the products of combustion 
coming upwards; thus the products of com- 
bustion, after having twice passed between 
the water tubes, have to pass from the out- 
side to the inside of this coil and then up 
through it. The remaining amount of heat 
is thus well taken up and passed into the 
boiler in the shape of boiling, or nearly boil- 
ing feed-water, and if the boiler and feed- 
water heater are properly proportioned, the 
temperature of the products of combustion, 
before they enter the chimney, will be much 
reduced; fuel is economized. 

It will also be observed that this arrange- 
ment of water tubes increases the steaming 
powers of the fire-box, for supposing these 
tubes were merely dummies of fire-brick of 
the same shape, and arranged in the same 
manner, the heating surface of the fire-box 
would be greatly improved, as the flame 
would be more dispersed, and caused to im- 
pinge more directly on to the sides instead 
of merely passing the sides of the fire-box, 
and going too quickly to the chimney.— 
Heating surfaces are also more valuable 
when they are inclined out of the vertical 
line towards the flame; this is not the case 
with the fire-box, but it is with the tubes, 
both at their upper and lower ends. On 
consideration of the above, it will be seen 
that all the heating surfaces are exceedingly 
well disposed to properly receive and trans- 
mit the heat to the water, and it was sur- 
mised in the design of this boiler that its 
heating surfaces would be of far more value 
per square foot than that of other boilers ; 
and the experimental boiler has, we have 
reason to believe, practically proved this to 
be correct, for the ratio of fire-grate area to 


heating surface in this boiler is only as 1 to| 


204, whereas in the best locomotive practice 
it isas 1 to 84. Locomotives having this ratio 
evaporate from 7 lb. to 8 lb. of water per 
1 lb. of fuel, and this boiler, with only one- 
fourth the ratio of heating surface to ‘ire- 
grate area, evaporated from 9 lb. to 10 lb. 
of water per 1 |b. of fuel. 


We will now take into consideration the | 
| lengthen its life, for it is often the ease that 


action of the water during the ebullition 





rests on three legs at the bottom, and is 


tance pieces. This is called the circulating 
cylinder, because it very greatly assists the 
natural cireulation of water inside the boiler 
during ebullition. All the water inside this 
cylinder, both round the fire-box and in the 
water tubes, being in connection with the 
heating surfaces, is in a state of violent 
ebullition. And all the water outside this 
cylinder, not being in connection with the 
heating surfaces, is not in a state of ebulli- 
tion. The water, then, in every part of the 
boiler inside this cylinder is rapidly carried 
upwards by the rising bubbles of steam, and, 
exactly as in a saucepan, tumbles over the 
edge of the top of this cylinder in a circular 
waterfall, but it does not, as in the saucepan, 
tumble over into the fire when it boils over, 
nor does it commence to prime, but it re- 
turns to the bottom of the boiler again down 
the annular space provided for this purpose 
contained between the outside of this cylin- 
der and the shell of the boiler, and performs 
the same circuit over and overagain. There- 
fore there is a rapid upward circulation of 
water over every part of the heating surfaces, 
and in the best possible direction, viz: in 
a line nearly parallel with them, sweeping 
the clinging bubbles and steam from the 
plates, and quickly bringing them to the 
surface, where they readily free themselves 
from the water into the steam space, and a 
distinct space is provided outside the circu- 
lating cylinder for the return of the water 
to the bottom of the boiler again. 

The arrangement for bolting together is 
very favorable for cleaning and repairs, 
especially for small boilers using muddy or 
salt water. The multitubular boiler gener- 
ally used for small steam yachts and launches, 
&ec., although generally made to hold a 
large body of water in proportion to its size, 
when driven hard is often, in a short time, 
hopelessly blocked up with scale, and there 
is no means of getting this out except by 
the use of strong solutions, which injure the 
boiler; whereas the boiler illustrated can, 
in half a day, be taken to pieces, scaled all 
over by hand, and put together again, and 
if laid by for the winter, or any other time, 
may be thoroughly cleaned and tallowed all 
over inside and out; this will very greatly 
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when boilers are laid by for a time they sus- | small dimensions for any given power when 
tain more damage by corrosion than they do | compared with any other boiler, simplicity 
when in actual work. The tubes of this of construction, economy of fuel, small cost 
boiler having such a rapid circulation of of manufacture, and the readiness with which 
water through them will not give so much | every part can be got at for cleaning or repairs. 
trouble by leaking as the fire tubes in the| The boiler and engine illustrated in the 
ordinary multitubular boiler do at the fire-| engraving for a steam punt have the follow- 
box end, and their rapid circulation will, no | ing dimensions: Outside diameter of shell, 
doubt, greatly reduce the amount of scale | 154in.; height of boiler, 3 ft.; fire-grate area, 
deposited on the plates and tubes. | half square foot ; heating surface of fire-box, 
The advantages claimed for this boiler by 5 sq. ft; heating surface of tubes, 3} sq. ft ; 
the inventor are lightness of weight and, heating surface of feed-water heater, 1} sq. ft; 
diameter of cylinder, 3 in.; 
stroke, 4 in.; the slide valve, 
when in full gear, cuts off 
steam at five-eights of stroke. 
During the shop trials, 
which lasted one month, and 
were very severe for so small 
an engine, it was driving a 
large drilling machine, lathe, 
shafting, &c., with ease, the 
engine making 650 revolu- 
tions per minute, with a boiler 
pressure of 50 lbs. Is was im- 
possible to take an indicator 
diagram on account of the 
speed, but the dynamometri- 
cal power developed in driv- 
ing a friction brake, was 2}- 
horse power; and with a con- 
sumption of 12} lbs. of coke 
per hour, 110 lbs. of water 
were evaporated per hour, and 
during the same time with a 
consumption of 12 lbs. of an- 
thracite coal, 125 lbs. of water 
were evaporated. This is the 
average of a number of hours. 
The engine, as shown in 
the drawing, is perfectly self- 
contained; the cylinder is con- 
nected to the framing by an 
arrangement of three pillars, 
which take all the working 
strains of the engine; the brack- 
ets by which the engine is at- 
tached to the boiler merely 
have to carry its weight, and the engine can 
be removed bodily from the boiler and taken 
all to pieces in a few minutes. As these 
small engines run at such a high speed, the 
speed of the pumps is reduced to ensure its 
regular working by cog wheels, as two and 
a-half of the engine to one of the pump. In 
larger engines this gear is not required. 
This invention is being introduced by 
Messrs. Newton, Jenkins & Co., of 4 West- 
minster-chambers, Victoria street. 


Section Elevation of Engine and Boiler. 
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THE BIRMINGHAM WIRE GAUGE. 


By Latimer CLark. 

A paper read before the British Association at Exeter. 
In a paper read before the British Asso- 
ciation at its meeting in Dundee, 1867, I 
had the honor of submitting to the members 
of this section a suggestion to promote the 
establishment of some universal wire gauge. 
The gauge which I then ventured specially 
to recommend, was one approximating very 
closely to the commonly employed Birming- 
ham wire gauge, and based upon a simple 
mathematical series, each number represent- 
ing a weight 25 per cent heavier than the 
preceding one. Such a scale would, as I 
then showed, befor a practical purpose suffi- 
ciently near to the existing so-called Bir- 
mingham wire gauges, as to allow of its be- 
ing without any inconvenience introduced 
into trade and manufacture in their stead. 
At the same time it would always be conve- 
niently reproducible, should ever a repro- 
duction of the normal standard be consid- 
ered desirable. The history of the present 
Birmingham wire gauge is as much envel- 
oped in darkness as is the date at which it 
was introduced, and this is much to be re- 
gretted ; for had the gauge been determined 
upon any rational basis, the readiest way 
would have been to have returned to this 
basis and reproduced it. In the absence of 
any definite information, however, to lead us 
to its origin, it remained only to search in 
the succession of measures in the gauge itself 
for internal evidence of the considerations, 
if any, or at least of the law contemplated 
or accidental, upon which it was based. In 
comparing the curve formed by the suc- 
cessive measures of the B. W. G. with that 
formed by a logarithmic series, it became at 
once evident, that although very nearly ap- 
— to it, the former measure was not 
ased upon a logarithmic equation, the dif- 
ference evidently not being one due to differ- 
ence of constants only. In the logarithmic 
series, I suggested the relation between the 
diameters of succeeding makers is through- 
out as 1 to .8945, whereas in the B. W. G. 
series, this relation, or if I may be allowed 
to term it as the factor of reduction, be- 
comes less from .92 in the earlier series, to 
-82, or thereabout, in the higher ones. At 
the time from which the B. W. G. probably 
dates, the manufacturers who then intro- 
duced and employed it were not, I think, 
likely to call in the aid either of mathemat- 
ical or physical science to supply them with 
the groundwork of a gauge. Much more 





probable is it that they took a series of a}. 
ready drawn wires, and constructed their 
gauge from them. 

Before the introduction of steam power, 
the largest size of iron wire was that now 
known as No. 1 B. W. G., having a diame. 
ter of three-tenths of an inch. From this 
the next smaller size was drawn at one oper- 
ation, and from this in turn a still smaller 
size, until at last the smallest wire had a 
diameter of a few thousandths of an 
inch. The most natural way, therefore, by 
which the wire manufacturers could provide 
themselves with a gauge would be to call 
the largest size they could draw No. 1; the 
next smallest drawn at one operation, No. 
2; and soon. In doing so, the relations of 
the succeeding sizes would be determined 
between two considerations. On the one 
hand, the manufacturer would naturally en- 
deavor to draw down at one operation as 
small as possible, to save labor. On the 
other, he would be limited in this by the 
strength of his men, or the machinery in 
use before the introduction of steam power, 
and by the cohesive strength of the material 
itself. Practice would soon show the most 
profitable mean between these opposing 
items, and thus the course of manufacture 
itself would in time supply the workman 
with a succession of sizes, which he would 
only need to transfer directly to a measuring 
plate or calipers, in order to have a gauge 
adapted to every want of his one individual 
trade. This I believe to have been the ori- 
gin of the B. W. G. If this is the case, we 
should, it is presumable, in investigating the 
B. W. G. series, find some constant relation 
between the breaking strength of each wire 
and the resistance opposed to the draw-plate 
in drawing it down from its original diame- 
ter. Such a relation indeed exists. If we 
call the diameter of any given number on 
the gauge D, and the next succeeding one 
d, the ring section opposed to the draw-plate 
will be: . 


. T 
(D\—d") > 


whilst the resistance, R, opposed in drawing 
by the ring will be: 


R==r(D*—d") t 


r being the resistance to drawing against 


(1) 


each unit of surface. Further, s is the 
absolute cohesive strength of an unit sec- 
tion of the material. In a hard drawn 
condition the absolute strength, F, of the 
wire as it leaves the,draw-plate will be: 
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Fas@T se (2) | 
Assuming the relation between the abso- 
lute strength of the drawn wire and the re- | 
sistance of the opposing ring to be a con- | 
stant one balanced between the item of la- | 


bor and rapture, say, =m ; then 


r (Di=a") t= ms d* i 


J r 
d=D msXr 


and the factor of reduction, or the relation be- 

tween the diameter of any wire and that from 

which it was immediately drawn, would be 
d 


ee 
e_ J ) 


The value of s has been exactly deter- 
mined for almost all substances as their 
varying qualities and structural irregularites 
will allow, and is usually expressed as the 
weight which would rupture a bar 1 in. 
square. This value is not constant for all 
sections, being found to increase in some 
function as the section decreases. Thus a 
thousand wires, each yo y9th of an inch in 


15 





section, would bear a greater weight than a 
bar of the metal 1 in. square. The reason 
of this is, probably, that when drawn out in 
the form of wire, irregularities of structure 
which existed in the bar are for the greater 
part removed, having caused perhaps the 
rupture of the wires repeatedly in drawing, 
and the resulting wires having thus been fil- 
tered through the draw-plate, are therefore 
of a superior quality to the bar from which 
they were drawn. Whatever the cause may 
be, the fact remains that the co-efficient of 
cohesive strength of a small wire is greater 
than that of a large one. Were it not for 


this we might assume that the value of . 


should be a constant, and the B. W. G. 
would then be a logarithmic curve. As it is 
the value of s varying with d, a difference 
must necessarily be found between the curve 
representing the B. W. G., and one based 
upon a logarithmic series. With regard to 
the value of the natural constant, 7, the only 
determinations, I believe, are those of an 
Egen, quoted by Mr. H. Thomée in his very 
valuable paper on gauges read before the 
Society of German Engineers, in 1866. 
These determinations are given in the fol- 
lowing columns, in which I have converted 





the resistance from German into English lbs: 


1 wire of 24° mils. drawn down to 220 mils. required 
2 “ 114 “ “ 101 “ S 


3 
4 


“ 
“ 
“ 


“ 
“ 
“ 
“ 
“ 


91 
82 
72 
6 “ 53 
7 “ 48 
This series of experiments allows us to ar- 
rive at an approximate value of the natural 
constant, 7, or the co-efficient of resistance 
to drawing per square inch of surfaces, as 
appears in column 6 of the following Table : 
Area of 
Ring 
of Re- 
sistance. 


“ 
“ 





Force 
Re- 
quired 


__Force 


No.! D whic 
Area. 





5 | 
Ibs. 
2063 
400 
253 
150 
164 
164 

65 


4 6 





. |sq. mils. 
X 10,290 
X 2,195 
1,508 
1,198 
1,210 
954 

897 


Ib. per sq. in. 
200,400 
182,385 
167,450 
127,162 
135,800 
172,125 
138,875 


SID OR Oho 




















160,591 
Assuming the co-efficient of strength or 
the cohesion, s, of a bar 1 in. square to be 
80,000 lbs. in round numbers, and that this 
were constant for all sizes of wire, the abso- 
lute strength of the foregoing wires would 
be as follows : 


mean 





Absolute strength. 
d. Ibs. 

eo. 220 eee 8041 
eee eee = 641 
eee eee eee 520 
eee eee eee 422 
eee 249 
: 48 145 


and the relation of their absolute strengta 


to their resistances to drawing ; : 


2063 ) 
.678 


8041 
490 
641 
253 
520 
156 
422 
164 
82 
164 
249 

65 


“M46 
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Assuming this mean, .538, to be the prob- 
able value of the constant, m, and asserting | 
it in equation, 3, we get the factor of re- 
duction between the two wires. 





d , a ae Y 
DN 9.538X80,000-++160591 
which is about a mean value of the relations | 
throughout the B. W.G. From this agree- 
ment it might at first seem obvious that in 
the above formula if, instead of the mean co- 
efficient of cohesive strength (80,000) we in- 
serted its variable value answering to the va- 
rious diameters of wires in the gauge, that we 
should obtain a series of factors of reduction 
which would give us a perfect reproduction 
or rectification of the B.W.G. Such would 
indeed be the case if we could assume any 
function of variation with any pretense what- 
ever of its being a constant one. It must, 
however, be recollected that this variation 
in the apparent cohesive strength is due not 
to any constant physical property or law of 
the material experimented on, but solely 
upon accidental faults in its structure, in 
fact, upon the badness of its quality, an item 
which varies in every different sample. The 
true co-efficient of cohesive strength of any 
material is, of course, the highest value ob- 
tainable for it, being the value nearest to 
that obtained with a very thin wire. The 
co-efficient found with larger bars refers not 
to the material but its faults, and were it 
not for these faults, wires of all sizes, of the 
same material, would have the same co-effi- 
cient of cohesive strength. The conclusion 
which we must therefore arrive at is, that 
the B. W. G. has been formed from a series 
of sizes of wires drawn from one another, 
and into which the effects of impurities of 
metals have entered. Had not this been 
the case—that is to say, had all the wires 
from which the B. W. G. series were origi- 
nally drawn been perfectly pure and homo- 
geneous—there can be no doubt that the suc- 
cession of numbers would have had a com- 
mon factor of reduction, and formed, there- 
fore, a logarithmic curve. In reconstruct- 
ing this gauge, the question forcibly presents 
itself, are we to allow the effects of acci- 
dental impurities in the material to form 
part of the basis of a widely employed 
measure; or shall we not rather base it on 
the assumption of a pure and homogeneous 
material? An objection might be raised to 
this, that the origin of the gauge would be 
limited to the individual properties of a 





single metal, viz: iron. This is certainly 
probable, in so far as the origin of the B, 
W. G. goes; but it would appear that in 
most metals a constant relation exists be- 
tween their co-efficients of resistance to 
drawing out of absolute strength, and this 
being the case, it beeomes probable that 
had the workers in any other metal deter. 
mined on a gauge, they would, with the 
same method, have arrived at the same 
result. 

Karmarsch has given a table of the rela- 
tive ‘‘drawability ’’ of wires of various 
metals, taking that of hard-drawn steel at 
100. Of course this table does not profess 
to give the exact quantitative values, but it 
is sufficient to enable us to see that for all 
the metals contained in it, a constant rela- 
tion undoubtedly exists between the co-effi- 
cients of drawing resistance and absolute 
strength. I have, therefore, converted Kar- 
marsch’s relative values into pounds, by as- 
signing to iron the value usually given it in 
the tables, and have compared it with the 
common co-efficient of absolute strength, as 
follows : 





METAL. 


given by 
Karsmarsch. 
Calculated 
Resistance to 
Drawing, per 
Absolute 
Strength. 


Relative 
“Drawability” 
Square Inch 





ow 


Hard-drawn steel... 225,000 | 
- iron... 250, 000 | 
“ brass .. 220, 000 | 
Annealed steel 185,000 | 
Hard drawn copper. . 165, 000 | 
Annealed brass .... 130,000 | 
- iron p 120, 000 | 
“ platinum.. 108, 000 | 
vid oe 103, 000 | 
97, 000 
77, 000 

















Mean.. ‘| 430 





From values so roughly determined as 
those given in the second column, the re- 
sulting relations found in the fifth column 
agree sufficiently well to render it a matter 
of great probability that even a nearer rela- 
tion exists than that shown here, and there- 
fore that the B. W. G. rectified to a loga- 
rithmic series is not confined to the physical 
properties of iron, but is equally applicable 
to any of the other metals mentioned. 

If the co-efficients of cohesive strength 
and resistance to drawing were known, and 
constant magnitudes, nothing would obvi- 
ously be easier than to construct on the 
probable basis of the B. W. G. a rational 
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and applicable measure. These co-efficients| THE TREATMENT AND UTILIZATION 
are, however, so variable with slight differ- | _ OF SEWAGE. 
ences in the qualities of materials, that the | = Bie 
h ee to erfection | From the report to the British Association by a 

nearest approach we can ma . p | commission consisting of the following gentlemen: 
in a scale based upon their relation to each | J. Baily Denton,* Esq., M. Inst., C. E., F. G@. 8.; 

. . ; | Richard B. Grantham,* Esq., M. Inst., C. E., F. 
other . by cay t T hav oe c the |G... chairman; W_D. Harding, Esq., J- Thornhill 
Britis gauge, whic ave na 1e HONOT | Harrison,* Esq., M. Inst., C. E.; J. Benjamin H. 
of suggesting, these co-efficients have average | Paul,* Ph. D. F. C. 8.; Professor Wanklyn, Dr. 
values, notwithstanding that I started from | Gilbert, F. R. S.; Dr. Angus Smith, F. R. 8. 
a factor of. reduction which I assumed only | Probably one of the most important re- 
for the reason of its simplicity, as it allows | sults of modern scientific inquiry is the 
at any part of the scale the weight of the | general recognition of the fact that atten- 
succeeding number to be arrived at by the tion to the hygienic requirements of towns 
addition of 25 per cent, and of preceding | and populous places has a great influence on 
numbers by the substraction of 25 per cent | the preservation of health and life. Hygi- 
of the one from which we start. The factor | enic measures are calculated to prevent dis- 
of reduction for diameter being .8945, and ‘ease, and therefore come to be regarded 
the co-efficient of cohesive strength being even of more importance than the knowl- 
80,000, |edge gained by two thousand years’ expe- 
rience in the art of medicine. Pure air and 
| water are two of the most essential require- 
| ments of all populous places. The removal 





r 


89454] ———____ 
.588X 80,000-+-r 


whenee, r=172,300, which is rather higher | 
than the mean value deduced from Egen’s | 
experiments. The adoption of some uniform | 
wire gauge has become a pressing necessity 

of manufacture, and I submit that the B. | 
W. G. re-established on a rational basis, and | 
rectified from the irregularities which have | 
crept into it, partly by want of some recog- | 
nized standard, and partly by reason of the | 
impurities of the materials from the proper- | 
ties of which it was originally determined, | 
is the best adapted for the wants of the wire | 
gauge. In conclusion, I must call the at-| 
tention of the British Association to the | 


of water from the surface and from the sub- 
soil by some kind of drainage has been 
found essential to healthiness of a place ; 
but the thing most of all important in its 
influence on the sanitary condition of the 
towns, etc., and as affecting the purity of 
the air and water, is undoubtedly the mode 
in which the excretal refuse of their popu- 
lation is dealt with. Even in the most pri- 
mitive states of society it has always been 
found necessary to dispose of excreta and 
other refuse materially from dwellings, in 


|such a manner as to prevent them from be- 
coming a nuisance, and the most simple 


labor of M. Karmarsch, M. Thomée and M. | mode of effecting that object was probably 


Peters, towards the establishment ‘of an uni- | 


form wire gauge in Germany, who:e opin- | 


ions entirely agree with my own as to the | 
superiority of the English B. W. G. over| 
all the others now in use, and to whose wri- | 
tings [ am now indebted for much interest- | 
ing matter and instructive information on | 


this subject. 


T CLEVELAND Roiiine Miu. Com-| 
PANY’s STEEL Works.—We regret to 
learn that Mr. John C. Thompson, superin- 
tendent of these works, has been compelled, 
by ill health, to abandon this branch of pro- 
fessional work, at least for the present. He 
resumes his position in the Croton Aqueduct 


Department, in New York city. We learn 
that Mr. Henry S. Nourse, superintendent 
of the Pennsylvania Steel Works, Harris- 
burg, is offered and will probably accept the 
superintendence of the Cleveland Mill. 





the plan prescribed by Moses to the Jews. 
The fact that animal excreta are useful as 
a manure has also led in many cases to the 
adoption of some plans of dealing with 
them for that purpose by which their accu- 
mulation in the vicinity of dwellings was 
prevented toa great extent. In thinly popu- 
lated places no great difficulty would be ex- 
perienced in devising simple measures suffi- 
cient in that- way to meet all requirements, 
and under such circumstances the mode of 
effecting the object in view would be a mat- 
ter to be determined and carried out by the 
individual residents of a place. But wher- 
ever the population became concentrated in 
villages or towns, difficulties arose as to the 
disposal of excreta or the immediate remo- 
val and use as manure, in consequence of 
which it became a practice almost universal 


* These have only attended the meetings. 
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to allow them to collect together with other 
refuse in pits dug inthe ground near each 
house or group of houses, and fhen at inter- 
vals «9 remove the accumulated contents of 
these pits for use as manure. As the mag- 
nitude of towns increased the difficulty of 
thus dealing with excretal refuse became 
greater, and the offensive consequences of 
its accumulation near dwellings more sensi- 
ble. Hence the subject became more and 
more a matter to be dealt with by the local 
authorities, at first by regulation of the 
practices adopted by the inhabitants of a 
place, and eventually as a duty to be provi- 
ded for and performed by the authorities 
themselves, in such a manner as to insure 
the common convenience and well being of 
the population. 

However, the full importance of this sub- 
ject in other respects was far from being ap- 
preciated until within the last thirty or forty 
years. It is only within this recent period 
that there has been anything like an aJe- 
quate recognition of the fact that the sani- 
tary state of dwellings and towns, the health 
and morality of their population, the condi- 
tion of rivers, and other matters of import- 
ance, are, as a general rule, largely influ- 
enced by the practices adopted in regard to 
excretal refuse. Within that period inquiry 
and experience have shown that excretal re- 
fuse, besides being offensive, and in some 
cases a great nuisance where accumulated 
in a state of putrefaction or decay near 
dwellings, may be, and often is, a source of 
vast injury to the public health. Opinions 
may vary as to the precise mode in which 
that influence is exercised—whether by the 
evolution of the deleterious gases, by the 
pollution of water, by the development of 
those minute organisms which are now very 
generally considered to be the media of in- 
fection, or in all of these ways conjointly ; 
but there is no longer any doubt or differ- 
ence of opinion as to the general truth that 
in regard to the mode of dealing with ex- 
pt refuse, the sanitary point of view is 
far more important than any other. If, 
then, the weightiest question to be solved 
by a municipal body be—how best to pre- 
serve the health and life of the population 
committed to its charge, it is evident that 
one of the first duties of such a body is that 
of providing for the disposal of excretal re- 
fuse ina suitable manner. The recognition 
of this sanitary axiom has been so impera- 
tively enforced during the present century 
by the frequent prevalence of epidemic dis- 





eases, such as cholera and fever, that it may 
perhaps now be regarded as unquestionable, 
except where ignorance overcomes intelli. 
gence, and where mistaken notions of ecop. 
omy prevail. 

Under this aspect the subject has lately 
attracted very general attention, not only in 
this country but also in most civilized coun. 
tries abroad. It will, therefore, be desira- 
ble to recite briefly the circumstances under 
which excretal refuse may become a source 
of injury to health, and to trace the course 
events have taken in regard to this subject 
since public attention was first directed to 
the sanitary condition of towns, and since 
measures have been adopted with a view to 
its amelioration. 

Besides the inconvenience and offensive 
character of the system of collecting excre- 
tal refuse in pits or vaults near dwellings, 
the evils consequent upon that plan arose 
chiefly from the impregnation of the sur- 
rounding soil with decomposing material, 
and sometimes also from the pollution of 
water used for domestic purposes. The pit 
or reservoir was, in some cases, provided 
with overflow channels or with drains, by 
which the liquid contents were discharged 
into a neighboring water-course or into a 
sewer, but in many cases that was unneces- 
sary, since the soil was of a sufficiently po- 
rous nature to admit of the continuous force 
escape of liquid from the pits. By this 
natural drainage, according to the nature of 
the soil, the liquid portion of the excreta 
would permeate the soil and gain access to 
the wells, which were, as a very general 
custom, placed close to the pits where ex- 
creta were collected. Moreover, this foul 
drainage would be augmented, in many 
cases, the access or surface water to the 
pits, especially during wet weather. 

These evils were often much aggravated 
by the absence of any systematic drainage 
or sewerage of towns sufficient for the remo- 
val of subsoil water which became stagnant 
and putrified beneath the dwellings. Even 
where underground sewers existed they ap- 
peared to have been intended only for the 
removal of surface water ; the connection 
of house drains with these sewers was pro- 
hibited, and it was a penal offense to throw 
any excretal or other offensive refuse into 
rivers. At that time the water-closets in- 
troduced by Braham, in 1793, were very 
rarely in use; they had been adopted only 
in the better class of houses in towns, and 
then they were used in conjunction with un- 
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derground vaults for receiving the material | for allowing excretal refuse to accumulate 
discharge from them. Their subsequent at all near dwellings or within towns was to 


more general adoption, and the concurrent | be done away with, and it was to be at once 
removed from dwellings into the sewers by 
a copious use of water, and swept rapidly 
through them out of the town with the 
waste water from houses and the surface 
drainage. In this way the water entering 
a town eventually becomes polluted either 
by use or by admixture, and thus constitutes 
what is now commonly termed town sewage, 
the expeditious removal of which from the 
vicinity of the town is indispensable for the 
health of the neighborhood. 

This system, known as the water-carriage 
system, has been largely adopted in this 
country, and, as a consequence, both the 
drainage of towns and the removal of the 
excretal refuse have been in many cases ef- ~ 
fected by the same means. The utilization 
of this town sewage as manure by the irri- 
gating of land was contemplated at the out- 
set, but it was not enforced, and it has been 
carried out only in a few cases, the sewage, 
as a rule, being discharged from the sewers 
into any adjoining rivers or into the sea, 
this being permitted so long as it did not 
create a nuisance. Individuals or towns in- 
jured by the discharge of sewage in this 
way were left to obtain what redress they 
could by legal means. The adoption of this 
system is well known to have given rise to 
much litigation, and many towns where it 
has been adopted have been placed in a very 
difficult position in consequence of injunc- 
tions by the Court of Chancery prohibiting 
the discharge of their sewage. Moreover, 
the adoption of the water-closet and sewage 
system of dealing with excretal refuse has 
been followed by a greatly augmented pol- 
lution of rivers, which is now acknowledged 
to have become an evil of national import- 
ance, and is still the subject of an official 
inquiry. At this point, when the measures 
adopted for removing successfully the do- 
mestic nuisance and the town nuisance aris- 
ing from the disposal of excretal refuse have 
given rise to a national nuisance, it has be- 
come avery serious matter to determine 
what is to be done with the sewage of towns. 
The importance of this question is shown 
by the fact that besides engaging the atten- 
tion of the late General Board of Health, 
besides being frequently discussed in Parlia- 
ment and by the various local authorities 
throughout the kingdom, it has, within the 
last thirteen years, given rise to the appoint- 
ment of three royal commissions charged 


acquisition of a better and more copious 
water supply, were no doubt largely condu- 
cive to the health of towns. These changes 
were attended with a decided aggravation of 
the evils arising from the use of vaults or 
pits as receptacles of excreta, for the drain- 
age or overflow from them became continu- 
ous on account of the use of water in the 
closets, and was no longer dependent on the 
occasional excess of rain. Under these cir- 
cumstances the pits or vaults became cess- 
pools constantly charged with liquids which 
in most cases had no outlet into the sewers. 
Even so late as 1844 the Health of Towns’ 
Commissioners state in their first report that 
in some of the largest and most crowded 
towns all entrance into the sewers by house 
drains or drains from water-closets or cess- 
pools is prohibited ‘‘ under penalty ;” while 
in other places, including part of the me- 
tropolis, the entrance of house drains, was 
“the concession of a privilege, subjected to 
regulations and separate proceedings, with 
attendant expenses,” tending to restrict the 
use of sewers for the purpose of removing 
excreted refuse or the drainage from pits 
containing it, or to confine the advantages 
of this plan to the wealthy. 

The removal of the domestic nuisance 
and inconvenience attending the use of priv- 
ies and pits for collecting the refuse, by the 
introduction of water-closets, gave rise in 
this way to the creation of a town nuisance. 
The pent-up overflow from cesspools con- 
nected with water-closets saturated the 
subsoil; the town sewers or drains proved 
inadequate to the duty thrown upon them, 
for in some instances an improved water 
supply was taken into a town without any 
means. being provided for taking it out 
again. The water of wells became perma- 
nently polluted ; fetid water rose in the cel- 
lars of houses, rendering the air impure by 
its exhalations. Sickness followed, and 
eventually there arose a louder cry against 
the cesspool system as an intolerable nui- 
sance, affecting not merely individual houses 
but the town generally. 

The plan proposed as a remedy for this 
evil was the general introduction of water- 
closets, combined with a system of thorough 
town sewerage, the connection of house 
drains with the sewers being made compul- 
sory on the owners of houses under certain 
conditions. By these means the necessity 
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with the duties of investigating the subject 
and of suggesting remedial questions, viz: 

(1). The Sewage Commission, dated Janu- 
ary 5th, 1857, to inquire into “the best 
mode of distributing the sewerage of towns 
and applying it to beneficial and profitable 
uses,’’ from which three reports have issued, 
bearing date March, 1858; August, 1861 ; 
and March, 1865. The conclusions the 
commission arrived at were to the effect 
that the direct application of sewerage to 
land favorably situated, if judiciously car- 
ried out and confined to a suitable area, 
exclusively grass, is profitable to persons 
so employing it; that where the conditions 
are unfavorable, a small payment on the 
part of the local authorities will restore 
the balance; that this method of sewage 
application, conducted with moderate care, 
is not productive of nuisance or injury to 
health; that methods of precipitation are 
satisfactory merely as a means of miti- 
gating a nuisance; that the only radical 
way of restoring the rivers to their original 
purity is to prevent the discharge of foul 
matters into them, and especially the dis- 
charge of sewage and other refuse of large 
towns; that the right way to dispose of 
towns’ sewage is to apply it continuously to 
land, and that it is only by such application 
that the pollution of rivers can be avoided ; 
that the magnitude of a town presents no 
real difficulty to the effectual treatment of a 
sewage, provided it be considered as a col- 
lection of smaller towns. 

(2). The Rivers Commission, dated May 
13th, 1865, to inquire ‘‘ how far the present 
use of rivers for carrying off the sewage” 
of towns, populous places, &c., can be pre- 
vented without “risk to the public health, 
and how far such sewage, &c., can be util- 
ized,” from which three reports have already 
issued, bearing date March, 1866; May, 
1867; and August, 1867; and further re- 
ports are expected. 

(3). The Royal Sanitary Commission, 
dated November, 1868, “‘to inquire into 
and report on the operation of the sanitary 
laws for towns, villages and rural districts 
in Great Britain and Ireland, so far as these 
laws apply to sewage, drainage, water sup- 
ply, removal of refuse, prevention of over- 
crowding, and other conditions conducive to 
the public health.’’ This latter commission 
is now engaged in its first proceedings, 
which are limited to the consolidation and 
improvement of existing laws, and the es- 
tablishment of a better recognized central 


| control. It is expected that a preliminary 
| report from this commission will shortly 
appear. 

The object of this committee has been 
understood by its members as that of sup. 
| plementing the above mentioned public in- 
quiries with special information as to the 
local circumstances and practical experience 
of various towns throughout the kingdom, 
and with other positive data relating to the 
subject, such as the Royal Sewage Comnis- 
sion have pointed out as requiring to be 
ascertained :—‘* Your committee, on enter- 
ing on the duties, came to the conclusion 
that since town sewage, as it is now most 
commonly known in this country, is a source 
of nuisance, inconvenience and injury to 
health, chiefly by reason of its containing 
the excretal refuse of the population, it was 
desirable the town sewage should not be re- 
stricted to the liquid discharged from sew- 
ers in places where there is a thorough sys- 
tem of sewage, combined with water-closets 
and a copious supply of water, or, in other 
words, where the water-carriage system of 
disposing of excretal refuse has been adopt- 
ed; but that it should for the purposes of 
the inquiry be understood as comprising 
excretal refuse in any state.’’ In order to 
insure an explicit understanding on this 
point in all correspondence and communica- 
tions, the following resolution was passed at 
a meeting of the commission on the 5th of 
January, 1869, viz: 

“That the committee do interpret the 
word ‘sewage’ in the instructions of the 
associations as meaning any refuse from 
human habitations that may affect the pub- 
‘lie health—and this interpretation of the 
term specified in all applications for infor- 
mation. Bearing in mind the circumstances 
already referred to in the introductory re- 
marks, that formerly towns’ sewers were 
essentially drains, the object of which were 
simply and exclusively the removal of sur- 
face and slop-water by the most direct course 
to the nearest stream, as well as the fact 
that such sewers, originally intended only 
for drainage, have in various ways come to 
be confounded with and used as sewers for 
removing excretal refuse, as well as the sur- 
face subsoil water, it was for these reasons 
considered to be especially important to 
make a marked distinction between drain- 
age and sewerage, and with that object to 
denote the removal of surface and subsoil 
water from land by permeable channels, ‘as 
drainage by drains,’ and the removal of 
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exeretal and other refuse from dwellings, | 
factories, streets, &c., by impervious con-| 
duits, or ‘sewerage by sewage,’ according | 
to the destination, a drain should be under- | 
stood, or a permeable channel adapted 
throughout its entire length to remove 
water from the soil surrounding it; while a 
sewer should be understood as a channel 
sufficiently impermeable to be adapted for 
carrying away refuse without allowing either | 
the refuse to escape through its sides or 
water to penetrate from without.” 

One of the first steps taken by the com- 
mittee was to apply to her Majesty’s Sec- 
retary of State for the Home Department 
for his assistance in obtaining information 
from foreign countries having representa- 
tives in England, respecting the practice 
prevailing abroad for disposing of the refuse 
of towns, villages, public institutions, fac- 
tories, dwellings, &c., and having reference 
to the sanitary condition of the districts in 
which they are situated, the state of rivers, 
or the support and increase of the produce 
of the soil. This application Mr. Secretary 
Bruce has given effect to by transmitting 
from time to time very valuable information 
received from the following countries :— 
March 15, 1869, from Hamburgh; March 
16, from Saxe Coburg Gotha; March 25, 
from Holland; March 30, from Bavaria ; 
April 14, from Baden; April 26, from Sax- 
ony; from Prussia; May 18, from Switzer- 
land; May 20, from Austria and* Hungary, 
from Belgium, from Sweden, from Denmark, 
from Turkey, from Greece, from Russia, 
from the United States of America, from 
Wurtemberg. 

It appears from the documents that in 
most cases, both in town and country places, 
the use of privies is very general, water- 
closets being rare even in large towns, and | 
that the usual method of dealing with hu- 
man excreta is to allow it to collect in pits 
(atrills gruben ; fossei), which are sometimes 
drained, either naturally by the permeable 
character of the soil, or artificially, so that 
most or all of the liquid portion of the con- 
tents of the pits flows away or infiltrates the 
surrounding soil. Frequently privies are | 
built over rivers with the object of getting 
rid of the excreta at once, and at some 
places methods still more objectionable are 
adopted, and many houses are without water- 
closets or privies, and the common custom | 
is to use night-stools, which are emptied | 
jnto pits near the house. Thus, for instance, | 
in Berlin, with their population under 600,- | 








000, there are said to be no less than 50,000 
night-stools. Only in some few foreign 
towns is there any system of sewerage for 
the removal of excreta by means of water. 


|This is the case with Hamburgh, Paris, 


Brussels, Hanover, Washington, Philadel- 
phia, San Francisco, and some other Amer- 
ican towns to a greater or less extent. In 
some other towns modified arrangements of 
the privy and pit system have been to some 
extent adopted. These consist in substi- 
tuting for the ordinary pit either a fixed or 
portable reservoir for receiving the excreta. 
These rescrvoirs are sometimes constructed 
with a drain, by which the overflow of the 
fluid contents escape, and sometimes they 
are both water and air-tight, the discharge 
of the liquid contents into the sewers being 
prohibited. In some cases such reservoirs 
are constructed so as to receive only the 
excreta, and sometimes so as to separate the 
solid and liquid excreta; but they are also 
used in combination with water-closets, and 
sometimes they also receive rain water from 
the house roofs, &c. .The contents of the 
fixed reservoirs are removed periodically in 
several different ways, and according to 
divers local regulations; sometimes their 
contents are simply dipped out, and some- 
times they are removed either by pumping 
into closed tank-carts, with lift-pumps, or 
by means of a vacuum previously produced 
in the tank-cart. In some few cases the 
time that may elapse between the removal 
of the contents of these reservoirs is fixed 
by the local authorities. The portable re- 
servoirs are from time to time removed and 
replaced with empty reservoirs, then carried 
outside the town, and their contents used as 
manure in some way. Both the fixed and 
portable reservoirs are frequently ventilated 
by means of shafts rising above the house 
tops. Fixed reservoirs are used in Carls- 
ruhe, Ostend, Antwerp, Strasbourg, Berlin 
and Dresden; portable reservoirs are used 
in Gratz, Dresden, Leipzic, Strasbourg, Ber- 
lin and Paris. Generally the contents of 
pits and of fixed or portable reservoirs are 
used as manure. In some cases such house- 
holders pay for the removal of excretal re- 
fuse, in others the contents of pits and re- 
servoirs are sold, 

At some places the town authorities pay 
for the removal of the refuse and street 
sweepings. Thus in Carlsruhe,a town with 
about 25,000 inhabitants and 1,400 houses, 
£500 a year is paid to the contractor for the 
service, and the contractor sells the manure. 
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Sometimes a town derives some return from 
the excretal and other refuse removed and 
used as manure. In the town of Groningen 
the yearly profit amounts to about £1,600 ; 
in Antwerp it is £2,700; Ostend, £700. 
In Strasbourg the cost of removal is only 
just covered by the sale of the manure ; the 
sale of the refuse from the barracks at 
Carlsruhe, where 2,800 men were quartered, 
realized a profit of £300 a year, and the at- 
tendant expenses amounted to about £40 a 

ear. According to experience in the neigh- 
a of Berne, Basle, Munich, Zurich, 
Ghent and other towns where excretal refuse 
is removed and used as manure, there is al- 
ways a profit realized after payment of the 
cost of removal and transport, and it appears 
to be considered probable that the expenses 
attending this system would be reduced by 
the adoption of portable reservoirs. In some 
other towns the cost of removal and trans- 
port exceeds the return; thus in Stockholm, 
with a population of about 150,000, the ex- 
penditure amounts to £35,000 a year, and 
the income derived from the sale of the re- 
fuse as manure £33,000 a year. In Ham- 
burgh there is an extensive system of sew- 
erage, and in a large part of the town the 
excreta are removed by water-carriage 
In Brussels, Paris, Lau- 


through sewers. 
sanne and Lugano, the water-carriage sys- 
tem is also more or less in use in some form 


adapted to local conditions. In the two 
latter towns water-closets are but rarely 
used, however, and in Basle, likewise, the 
privies are situated so as to discharge 
into the Rhine or into one of its tributaries. 
In the case of Hamburgh the water of the 
Elbe is stated to be much polluted by the 
discharge of sewage, but without any appa- 
rent serious influence on health. Statistics 
furnished by the Secretary to the Hamburgh 
Board of Health, show, however, that the 
rate of mortality has kept pace with the in- 
crease of population. In 1840, before the 
construction of the sewerage, the population 
was 137,000, with a mortality of twenty- 
eight per thousand. In 1838, the popula- 
tion was 148,000, with a mortality of twen- 
ty-two per thousand. In 1859, the popula- 
tion was 174,000, with a mortality of twen- 
ty-six per thousand, and in 1866, the popu- 
lation was 195,000, with a mortality of 
twenty-eight per thousand. The general 
purport of the communications received 
from foreign countries is to show that the 
question as to the means by which. excretal 
refuse may be disposed of and removed from 





dwellings, villages and towns, so as to pre. 
vent nuisance and evil consequences as re- 
gards the sanitary condition of the locality, 
is at least quite as much an open and dis. 
puted question as it is in the country. In 
these documents there is abundant evidence 
that wherever the subject has been consid- 
ered there is a strong though vague sense 
of the injury to health resulting from the 
accumulation of excretal materials in pits, 
&c., within populous districts, from the im. 
pregnation of the soil, from the pollution of 
rivers and well water with drainage from 
such accumulations, and by the discharge of 
excretal materials into watercourses directly 
or indirectly ; and it appears to be generally 
admitted that these are serious evils that re- 
quire to beremedied. Beside these views as 
to the sanitary aspect of the subject, there 
is still more decisive evidence of the con- 
viction that a vast quantity of material is 
now wasted which might be of great service 
in agriculture for sustaining and augment- 
ing the fertility of cultivated land. There 
is, however, no instance in which decisive 
conclusions have been arrived at as to the 
best mode of dealing with town refuse so as 
to secure a satisfactory state of public health, 
and at the same time admit of the agricul- 
tural value of that refuse being realized 
without concurrent disadvantages. It does 
not appear that any particular improved 
system of dealing with house refuse has 
been genefally adopted as a substitute for 
the old practice of collecting such refuse in 
pits with periodical removal of the contents; 
neither is there any case where an attempt- 
ed improvement has been long enough prac- 
ticed to furnish satisfactory evidence as to 
the efficacy of the means adopted, and their 
influence on public health. In both these 
respects it may be easily said that foreign 
towns are, as a rule, far behind some towns 
in this country. The method of removing 
excretal refuse by pumping it into carts and 
carrying it out of the towns to the neighbor- 
ing land, has, in some instances, been con- 
tinued with satisfaction, while in other in- 
stances it has been tried and abandoned. 
The plan of collecting and removing excre- 
tal refuse in portable closed reservoirs has 
been largely adopted in France, Saxony, 
Switzerland and other countries, but in no 
case is any specific information given as to 
the extent to which the liquid portion escapes 
spontaneously or by drainage to pollute the 
adjoining soils and watercourses, or how far 
the portion of the refuse that remains repre- 
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sents its original value for agriculture. In 
some towns it is evident that only the solid 
excreta are used as manure. Thus in Zu- 
rich there is a system of sewerage which 
carries off both the rain-water and liquid 
drainage from gutters, houses and reservoirs 
for collecting besides; and probably in most 
eases where cesspools are fixed and portable 
reservoirs are in use this greater part of the 
liquid excreta drains away. 

Insome towns—as in Berlin for instance— 
the use of water as a means of transporting 
the refuse has been proposed, and it is still 
under consideration. Some of the scientific 
authorities deputed to inquire into the sub- 
ject have, however, recommended that any 
general system of sewerage based on that 
principle should not be adopted, because of 
the increased difficulty it gives rise to in the 
realization of the manure value of the ex- 
creta, and because of the anticipated period- 
ical influence on the air of the district where 
the sewage is applied to land, and upon the 
water of rivers where the liquid refuse is 
mixed with them. There does not appear 
to be in any country general or systematic 
legislation in reference to sanitary matters ; 
almost everywhere the regulations with that 
object are in the hands of the police or 
other local authorities, and though the pro- 
visions relating to removals of refuse, clean- 
ing of streets, &c., are often very minute 
and stringent, they are seldom or ever of 
such a nature as to deal effectually with 
those tendencies to unhealthiness which re- 
sult from the accumulation of excretal and 


other refuse material, especially in large | & 


towns or densely populated districts. As 
to the precise condition that affects the pub- 
lic health, the connection between the sani- 
tary state of towns and the drainage, water 
supply, mode of disposing of excretal refuse, 
&e., there appears to be even more than in 
this country an absence of definite knowl- 
edge or of demonstrative evidence in favor 
of any particular view; though, at the same 
time, there is everywhere, in civilized coun- 
tries, an earnest consideration of these sub- 
jects in all their bearings, sanitary, muni- 
cipal and agricultural. 


While this information was being collected | Under 10 gallons .. 


from foreign countries, the committee pre- 
ferred a series of questions with the object 
of eliciting information as to the several 
towns, cities and rural districts throughout 
the United Kingdom, so far as the means at 
disposal would permit. These qu:stions 
were sent to 338 local sanitary and sewer 


authorities, and represent a population of 
about ten millions. Up to the present time 
replies have been received from 107 places, 
having an aggregate population of more than 
four millions. 
Number and 
population of towns. 


Town of— 
Upwards of 100,000 8 
Between 100,000 and 50,000.... 28 13 
Between 50,000 and 20,000 59 23 
Upwards of 10,000 83 
Rural districts ...... 8 


Applied to. Answered. 


Total ....ccccccee coos 338 107 


Total area, number of houses, and rata- 
ble value of the 107 places from which re- 
plies have been received: The total area 
of seventy-eight of them is stated to be 
413,218 acres; the area of the remaining 
twenty-nine places has not been specified. 
In ninety-three of these places the total 
number of houses is stated to be 727,816; 
‘and their aggregate ratable value, in four- 
| teen instances no particulars were stated as 
to this point. 

Water supply.—lt appears that the sources 
of water supply in these places are as fol- 
lows : 

Number of Aggregate 

towns. population. 

Surface wells .....cccccceccce 24 354,890 
| Springs .cccccscscccccecccece 8 63,680 
Gathering grounds.......-.... 16 1,210,906 
Gathering grounds and wells... 3 606,552 
Gathering grounds and rivers... 2 59,000 
Rivers and streams.........e0. 26 843,140 
1 19,000 
Artesian wells...... Cvcccccoee 12 263,500 
Rivers and surface wells....... 2 446,000 
No information given 13 393,740 


Of these places, eighty are provided with 
water-works, twenty-seven without, or give 
no definite information. 

The quantity of water supplied per head 
of the population is stated to be as under: 


Number of Aggregate 

towns. population. 
From 50 to 30 gallons........ 596,800 
From 30 to 20 gallons........ 1,477,007 
From 20 to 15 gallons 455,500 
From 15 to 10 gallons 370,500 
ccccccccce 42,500 
Not stated...... cocccce 4 1,444,000 


The largest quantity of water supplied is 
in the case of Lynn, where it is stated to be 
fifty-six gallons per head daily, and the 
smallest quantity is said to be supplied in 





| the case of Stroud, where it is only four gal- 


|lons per head. 
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Disposal of excretal refuse —Of the 107 
places there are forty-two where the old 
system of privies with pits for collecting the 
refuse, is general, and twenty-five where it 
is partiaily adhered to. In forty-two places 
water-closets are general; in twenty-five 
places they have been adopted partially to 
a greater or less extent. 

Sewage.—Out of the 107 places there are 
only eleven where no system of sewage 
exists. In the remainder the sewage of the 
towns is either general or partial, and in 
some instances very defective. 

Number of 
towns. Houses. Population. 
48 375,002 2,230,578 
152,785 1,039,731 


Completely sewered .. 
Partially 
Not 


Total ..... «- 107 

Of the places which are completely sew- 
ered there are twenty-nine where water- 
closets are general, twelve where privies, 
and seven where both are used. Of the 
places which are only partially sewered 
there are twelve where water-closets are 
general, twenty-two where privies, and four- 
teen where both are used. Of the places 
which are not sewered there is one where 
water-closets are general, six where privies, 
and three where both are used. 

Disposal of liquid sewage and contents of 
pits, §-c.—At seventy-one places out of the 
107, the liquid sewage, consisting either of 
the incharge from water-closets, or the 
drainage and overflow from pits and cess- 
pools, is discharged into the adjoining stream 
or river, and in two instances it is dis- 
charged into pools of water. At a few of 
those places the sewage is first submitted 
to some kind of treatment, chiefly with the 
object of preventing or mitigating nuisance. 
At Bury St. Edmunds the liquid sewage is 
partly got rid of by means of dead wells. 

In some places the contents of pits and 
cesspools are cartedaway. At fifteen places 
the liquid sewage is applied to land either 
wholly or partially, and at two of those 
places submitted to treatment. 

It will be evident that according to local 
conditions there will be great differences in 
the nature of the liquid sewage of different 
places, and that even the contents of pits, 
cesspools, &c., will vary according as the 
soil is readily or slightly permeable. The 
amount of the water supplied, and the ad- 
mission or exclusion of surface water from 
the sewer, will also be influenced in this way. 





Total quantity and amount of liquid sew. 
age.—Among the ninety-six places where 
there is a system of sewage, either general 
or partial, combined with water-closets and 
a copious supply of water, the minimum 
daily quantity of liquid sewage discharged 
varies from 20,000 gallons at Alton, to 
17,000,000 at Burmingham, and 130,000,. 
000 at Liverpool. 

The storm discharge at places where the 
surface water is admitted to the sewers, 
varies from one and a half to twenty times 
as much as the discharge during dry weather, 
and in places where the surface water is 
wholly or partially excluded it varies from 
one and one-tenth to seven times as much 
as the dry weather discharge. 

The average amount of liquid sewage per 
head of the population in places where the 
surface water is admitted to the sewers 
varies from ten gallons to upwards of 100 
gallons, and at places where the surface 
water is excluded it varies from six gallons 
to 100 gallons. 

Treatment of liquid sewage.—At fifteen 
of the places which are sewered wholly or 
partially, the liquid sewage is subjected to 
treatment either by allowing it to remain 
for a time in settling tanks from which the 
deposit is occasionally removed, as at Bur- 
ton-on-Trent, Birmingham, Epsom, Farn- 
ham and Andover, or by filtering, as at Ux- 
bridge and Ealing. 

In eight instances deodorizing materials 
are added, such as lime and carbolic acid, 
as at Carlisle and Harrow. Lime alone is 
used at Leicester; lime and chloride of 
lime at Luton; perchloride of iron at Chel- 
tenham; perchloride of iron and lime at 
Northhampton ; ferruginous clay wetted with 
sulphuric acid at Stroud; and at Leaming- 
ton the lime treatment has lately been su- 
perseded by the method proposed by Messrs. 
Sillar and Wigner. 

By this treatment the sewage is clarified, 
and a deposit is separated which is sold as 
manure. : 

In regard to the effects thus produced, it 
is stated that at Leicester the sewage runs 
off as pure as ordinary rain water; at Ealing 
it is said to be free from smell, colorless and 
harmless to vegetable or animal life; at 
Stroud and Luton the effect is stated to be 
satisfactory. At Harrow the nuisance 1s 
said to be somewhat mitigated, and at 
Abergavenny the stench is said to be abated 
by the treatment of this sewage. : 

At Bury St. Edmunds upward filtration 
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through charcoal and gypsum has been 
abandoned in favor of costly irrigation. At 
Banbury, treatment of the sewage has fail- 
ed. At Hereford, where it was proposed 
to be adopted in the parliamentary places, 
it has not been tried, on the score of ex- 
ense. At Tunbridge it is about to be 
tried, and at Hastings and Cambridge ex- 
eriments are being made. 

The cost of treatment amounts, at Leices- 
ter, for a population of 7,500, to £300, and 
the cost of the plant for the purpose was 
£3,000. At Luton, with a population of 
18,000, the annual cost is £500; at Chel- 
tenham, with a population of 36,000, it is 
£350; at Uxbridge, with 7,000 population, 
it is £200; and at Alton, with 3,300 popu- 
lation, it is £46. 

The solid deposit obtained by treating 
liquid sewage is sold at prices varying from 
6d. to 2s. Gd. per ton. At Leicester as 
much as 5,000 tons are produced. At Luton 
the deposit is mixed with night soil, at Ban- 
bury with street sweepings, and at Stroud 
it is made the basis of a manure that is sold 
at £7 10s. per ton. 

After some particulars as to liquid sew- 
age-irrigation, which is carried out in many 
of the towns of the United Kingdom, the 
report winds up with the following: 

At most places the application of the 
sewage to land has been found to exercise a 
most beneficial influence on the condition of 
the streams and rivers receiving the dis- 
charge of the district. At Epsom there was 
some damage done to the Hogs Mill River, 
but no complaint is now made. Even where 
the solid portion of the sewage only is 
separated by filtration or precipitation, the 
state of rivers receiving the discharge is 
improved. At Northampton an application 
for an injunction has been made by a miller 
resident on the stream. 

Generally speaking, no objection appeared 
to have been made to the application of 
sewage for irrigation, and where such objec- 
tions appeared to have been made on the 
ground that the application was offensive 
and injurious, they do not appear to have 
been supported by medical authorities, and 
in several instances they have ceased. 

As regards the sanitary condition of the 
district, it appears that in most cases the 
application of the sewage for irrigation has 
not been attended with any apparent change, 
and in several instances there is said to be 
a marked improvement at Reigate and 
Brompton. Although the committee feel 


Vou. I.—No. 11.—68. 


that the present report deals only partially 
with the subject of sewage, and is, in fact, 
only a preliminary step towards the work 
required to be done, there are two points, 
viz: the cost of various methods of dealing 
with excretal refuse, and their influence on 
the sanitary condition of towns, which it is 
considered must be referred to, so far as the 
data obtained will permit. 

The removal of the contents of pits and 
cesspools by cartage appears to be in few 
instances conducted with some profit ; more 
frequently, however, the cost is at least 
equal to the return obtained, and very often 
it is a source of loss. The treatment of liquid 
sewage does not appear to have advantage in 
any instance except in lessening the nuisance 
that would be otherwise caused by the dis- 
charge of sewage into rivers, and in most in- 
stances it has been a source of loss to the towns 
where it is practiced. In regard to this 
point there is a marked difference between 
the results obtained in this country and 
those obtained on the Continent, where the 
removal of the contents of pits is frequently 
profitable either to individuals or to towns. 

The cost of the application of sewage for 
irrigating land appears to be dependent on 
a number of local conditions, and, conse- 
quently, to vary considerably. It would 
seem from the data obtained, that in many 
instances the outlay requisite for this pur- 
pose would exceed what a farmer could be 
expected to incur, and that in such cases at 
least, it would be proper to regard this out- 
lay as coming under two distinct heads, 
viz: that which a town may reasonably be 
expected to bear for the mere object of get- 
ting rid of its refuse, and that which a land- 
owner or farmer may be able to incur for 
the improvement of his land. It is probable 
that when viewed in this light the applica- 
tion of liquid sewage to land would become 
a source of revenue to towns only under 
special favorable circumstances, but that, in 
| opposition to the opinions which have been 

somewhat hastily formed in certain cases, it 
will more frequently entail some amount of 
|expenditure on the towns themselves. At 
‘the same time the benefit to land and the 
improvement in the condition of rivers to 
be realized by the mode of dealing with 
liquid sewage can scarcely be matter of 
doubt or uncertainty any longer. 

In regard to the sanitary aspect of the 
subject, it may be regarded as beyond ques- 
tion that the practice of allowing excretal 
refuse to accumulate and remain for a long 
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time neglected near dwellings in pits, mid- 
dens, cesspools, or otherwise, is almost inva- 
riably accompanied by prejudicial effects on 
the sanitary condition of the places where 
it is adopted, either by the impregnation of 
the soil with decaying material, by the pol- 
lution, or by noxious inhalation. But even 
in places where the water supply has been 
improved, where a system of sewerage has 
been adopted, and other measures have been 
taken with the object of getting rid of the 
excretal refuse, the fact that the rate of 
mortality has not been sensibly, if at all, 
diminished, appears to point to some cir- 
cumstance as yet insufficiently guarded 
against, which still exercises a prejudicial 
influence. The imperfect or defective na- 
ture of the sewerage may in some cases be 
the cause to which this result is referable. 
But the part of the sewage system which 
most urgently demands attention at the 
present time is the ventilation. Gases of a 
poisonous nature are freely given off from 
liquid sewage in passages above the sewers 
from deposits collecting in them and in the 
house drains. The gases naturally ascend 
the sewers, and find egress either into the 
streets of a town or into the dwellings, by 
means of the house drains and otherwise. 
The means adopted for getting rid of these 
gases without injury to the sanitary state of 
a town, or of the ones in it, are rarely 
such as to be effective, and the returns al- 
ready obtained in reference to this matter 
sufficiently show that attention has not been 
directed to it in a degree commensurate 
with its importance. On these grounds the 
committee consider it would be in the high- 
est degree desirable to institute an inquiry 
into the nature of the gaseous emanations 
from sewers in various A cng 

In reference to the application of liquid 
sewage to land, they also consider it would 
be very serviceable to make some inquiry 
into the nature of the sewage discharged in 
various places, so as to ascertain the differ- 
ence that exists in liquid sewage, so far as 
its value as manure is concerned, and at the 
same time to endeavor to obtain more defin- 
ite information as to the cost of removing, 
.and the agricultural value of right as estab- 
lished by practice. 


HE FRENCH TRANSATLANTIC COMPANY 
have contracted to supply their steamers 


with electric lights. The difficulties of this 
source of light have been much reduced, 
and its application looks hopeful. 





IRON AND STEEL NOTES. 


SE OF STEEL ON THE PENNSYLVANIA RaILway.— 
Steel axles were first introduced, “‘ to secure 
additional safety,” in 1864; and at the end of 1866, 
1,907 had been received—600 for passenger and 
1,307 for freight cars—the report of their exclusive 
use under passenger, baggage and express cars, in 
1867, being favorable. The number of steel wheels 
and axles in use during 1868 was 1,042—25 in loco- 
motive trucks, 153 under tenders, and 776 in the 
passenger and 88 in the freight equipment. Two 
steel axles out of every hundred are tested under a 
drop weighing 1,640 lbs., the axle being supported 
on bearings three feet apart. Passenger axles are 
required to stand five blows at 30 feet, and freight 
axles five blows at twenty feet. the axles being 
turned after each blow. 

The use of steel tires was begun in 1861, and in 
1866, 62 sets were in use under passenger and freight 
engines. The first set used ran 103,370 miles (five 
years’ wear) without turning. In 1868, the number 
used was 327; together with 160 chilled and 15 iron 
tires, a decrease (217) over 1867, which, the report 
says, speaks well for the economy of the steel tires. 
It was early noted that not only are they more dura- 
ble and safer, but that their adhesive power, even 
on steel rails, is superior to that of iron tires. On 
this account they are being tried on the mountain 
pushers and shifting engines. 

The following shows the average mileage per 1-16 
inch in thickness wear of tires, on wheels of diame- 
ters of 44, 48, 54, 60, and 66 inches : 
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In the twelfth report (1858) the results of expe- 
riments with copper fire boxes were given at length, 
the difference of cost on copper box being $278 less 
than that of two iron boxes; while its average du- 
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ration was five years, in comparison with from three 
to four years for the two iron boxes. Indeed, the 
first, put on the road in December, 1852, had been 
in constant use up to Decemcer, 1858; and 22 new 
ones were introduced during that year. During 
1861, 15 were put in, but as the high cost of copper 
unduly swelled cost of repairs, and as iron boxes 
would not answer at all, recourse was had that year 
to a box constructed of homogeneous cast-steel 
plates. Their use receives favorable mention in 
the report for 1863; and in 1866, 76 were reported 
as in service, not one of which had—whether from 
cracking, leaking of seams or drawing of stay-bolts— 
failed in any respect, or exhibited perceptible wear. 
Their success being complete, no others are now 
built,the number added, in 1868, being 31.—Chi- 
cugo Railway Review. 


——- AND ITs ALLoys witH Irnon.—In re- 
gard to toughness, the union of 7 per cent of 
iron with aluminium can scarcely be distinguished 
from the latter metal when pure. Both metals 
easily combine with each other. Commercial alu- 
minium mostly, contains iron; it remains ductile 
with as much as 10 per cent of copper, and when 
containing only half as much, it may be worked 
still easier. If alloyed with small quantities of 
zinc, tin, gold or silver, the metal is rendered hard 
and more brilliant, but remains ductile. Es- 
pecially recommended is the alloy, consisting of 97 
per cent of aluminium and 3 per cent of zinc. The 
alloy with 7 per cent of tin can be worked well, but 
does not take a very fine polish, and cannot be cast, 
since a more fusible alloy with a large proportion 
of tin is separated. Aluminium and lead do not 
unite. The composition, with 3 per cent of silver 
and 97 of aluminium, possesses a beautiful color, 
and in equal parts they yield an alloy of the hard- 
ness of bronze. The union of 99 per cent of alumi- 
nium and one of gold is, though hard, still ductile; 
its color is that of green gold. With ten per cent 
of gold the composition is rendered crystalline. 


7 FerrRYHILL Furnaces.—Among the most 
remarkable objects lately visited by the mem- 
bers of the institution of Mechanical Engineers 
were the great furnaces at Ferryhill, the largest, as 
our readers know, yet constructed. The pair, 27 
ft. in diameter in the boshers, and 105 ft. high, 
have been successfully working for the last two or 
three years, no difficulty being found as to crushing 
the coke by the height of the column of materials, 
hor as to raising the materials themselves by the 
hydraulic hoists, constructed by Sir William Arm- 
strong and Co.; and at the same time the tempera- 
ture of the gases at the tunnel head, or rather, 
under the bell, is, we understand, hardly 500 de- 
grees. The stacks are not supplied with sufficient 
blast, but their make, as reported to us, is enorm- 
ous. With an iron stone containing 37 per cent of 
iron, three casts are made every twenty-four hours, 
and the daily cast from each furnace is from 75 to 
100 tons, or a maximum of 700 tons each per week. 
—Engineering. 
p= Anatysis.—Gintl gives a very easy method 
of determining the impurities in cast iron. It is 
applied by him to the estimation of the sulphur 
contained in the iron; but, as will be seen, it is 
available for the separation and determination of 
most of the usual impurities. The iron is reduced 
to as minute a state of division as possible, and is 





then treated with a strong solution of perchloride 
of iron, as nearly neutral as possible. The mixture 
is kept heated for ten or twelve hours, at the end 
of which time almost all the iron will be found to 
have dissolved, leaving, as a residue, the car- 
bon, sulphur, phosphorus and silicum, together 
with the little iron left undissolved. This residue 
has only to be well washed, oxidized and dissolved, 
and the sulphur estimated as sulphate of baryta. 
The exact plan directed by the author is to intro- 
duce the residue and filter into a porcelain cruci- 
ble, having at the bottom three parts of nitrate of 
potash and one part of hydrate of potash; heat to 
fusion, dissolve and precipitate with chloride of 
barium. The phosphorus and silica will be con- 
tained in the same solution, and can be determined 
separately.—Jour. Franklin Institute. 


n ALLoy or Iron anv Zinc.—It is a well-known 
fact that iron is dissolved by molten zinc, but 
nowhere is any definite alloy of these metals des- 
cribed, nor is it also stated how much iron is dis- 
solved by zinc. Dr. Oudemans, Jr., obtained from 
analysis a piece of metal which had been formed in 
an iron vessel wherein zinc had been fused for sev- 
eral weeks continually ; this metal was found 
deposited at the bottom of the vessel, and became 
an impediment to the melting operations in con- 
sequence of the relative infusibility of the alloy. 
In physical aspect this latter was of very much 
whiter color, and entirely different crystalline struc- 
ture from zinc; the alloy dissolved very readily and 
briskly in dilute sulphuric or hydrochloric acid, 
and was found, on analysis to contain 4.6 per cent 
of iron. Taking for granted that this alloy is a 
definite compound of the constituent metals, its 
formula would be—FeZsg.(F=56 ; Zn32 75).— 
Jour. Franklin Inst. 
~ anD Zinc.—It is a well known fact that iron 
is dissolved by molten zinc, but nowhere is any 
definite alloy of these metals described, nor yet is 
it stated how much iron is dissolved by zinc. Dr. 
Ondemans, jr., obtained for analysis a piece of alloy 
which had been formed in an iron vessel wherein 
zinc had been fused for several weeks continuously ; 
this alloy was found deposited at the bottom of the 
vessel, and became an impediment to the melting 
operations, in consequence of its relative infusibility. 
In its physical aspect the alloy was of very much 
white color, and crystalline structure entirely differ- 
ent from zinc; the alloy dissolved very readily and 
briskly in dilute sulphuric or hydrochloric acid, and 
was found, on analysis, to contain 46 per cent of 
iron.—Quarterly Journal of Science. 
YRYSTALLIZATION OF Inon.—During an examina- 
tion of the Heaton process for making steel at 
Langley Mill, Mr. Crookes has noticed a remarkable 
instance of the crystallization of iron. When the 
violence of the action between the molten iron and 
the nitrate of soda has subsided, the lower 
portion of the apparatus, called the converter, is 
detached, and after a few minutes the contents 
are turned out on to the floor in the form 
of a porous mass of nearly three-fourths of a ton in 
weight. Upon examining portions of this metallic 
sponge, it is found to consist of a segregation of 
minute feathery crystals of iron, apparently built up 
of small cubes. The outlines of some of these are 
perfectly sharp, and their appearance, specially in 
the cavities, is very beautiful.—Quarterly Journal 
of Science. 
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MPROVED Buiast Furnaces.—The Fraisans Iron- 
works, near Besangon, have receutly received 
many improvements in the system of construction 
and in the working of the blast furnaces. The fur- 
naces are 665 ft. high, and 11 ft. 6 in. diameter at 
the top ; they are nearly cylindrical; the diameter 
is 18 tt. 2 in. only at 12 ft. over the ground. There 
are eight tuyeres around the furnaces, and the di- 
ameter is 11 ft. 6 in. to the level of the tuyere. Up 
to 12 ft. from the ground the wall of the furnace is 
made with hollow cast-iron plates inside, through 
which there is a constant flow of water; the lining 
of the furnace is made with a single row of fire- 
bricks, 4 in. thick; the upper part of the furnace is 
‘made of riveted sheet-iron; the fire-brick lining is 
also 4 in, thick, but there is a distance of 2 in. be- 
tween the sheet-iron and the bricks, and a circula- 
tion of air prevents the overheating of these bricks. 
This arrangement admits of very quick construc- 
tion, and the body of the masonry being very little 
it is easily dried; one of these furnaces was in 
working order three months after the beginning of 
its construction. The daily production of these 
furnaces is above forty-five tons of pig iron. The 
ore, which contains 40 per cent, or 45 per cent, of 
iron, is supplid by rail from a distance of eight 
miles; the coke comes by canal from St. Etienne, 
Montchanin, or Epinac—an average distance of 
eighty miles. The consumption of coke is 18 cwt. 
for one ton of pig iron. The ore is mixed with 30 
per;cent of puddling furnace slags; these slags are 
ground, and mixed with lime and manganese, and 
then converted into bricks, which are carefully dried 
and set with the ore in the blast furnace. The sili- 
con of the slag unites itself with the lime, and the 
oxide of iron is reduced; the slag is prevented 
from smelting before this reduction. This system 
admits the introduction of slags in the blast fur- 
nace in a much larger proportion than usual. The 
pig iron seems to be produced at the price of about 
£2 12s. per ton, which is very low for a district so 
far from the collieries—The Engineer. 


pr aon at CrEvsoT.—A new wrought-iron 
chimney has been recently erected at the Creusot 
lronworks. It is 197 ft. high and 6 ft. 7 in. diam- 
eter. At the bottom the diameter is increased to 
10 ft. by a curved base, which is fastened by verti- 
cal bolts to masonry work. The thickness of the 
sheet-iron is 3-32 in. at the top, and 7-16 in. at the 
bottom. There is an inside iron ladder. The weight 
of this chimney is forty tons; it has been riveted 
horizontally and lifted afterwards with a crane. 
Another one, 275 ft. high, will be soon erected, but 
by a different system; it will be riveted vertically, 
with an inside scaffolding. These chimneys are 
built for an extension of the Creusot Works, espe- 
cially intended for steel-making. There will be 
eight Bessemer converters, where the cast-iron will 
be run direct from the blast furnace; there will be 
also many Martin’s furnaces and an extensive 
workshop for melting steel in crucibles, where it 
will be possible to melt together fifty tons of steel. 
All these new works are surrounded with great 
mystery, and the admission of visitors is rigorously 
prevented. 


pe Frre Boxrs.—It is stated by the “Iron 
Age ’’ that the Baldwin Locomotive Works re- 
cently ordered 125 tons of steel plates from a Phila- 
delphia maker. 





\ne Pencoypy Iron Worxs.—These works are 

located on the line of the Reading railway and 
Schuylkill canal, about six miles from the city of 
Philadelphia. The location is one that enables the 
proprietors, Messrs. A. & P. Roberts, to obtain 
coal from the Broad Top region, and pig iron from 
Schuylkill and Lehigh Valleys, at a minimum cost. 
The works were established in 1852, and the first 
order, for twelve hammered axles, was received 
and executed in December, 1852. Finding a num- 
ber of the railways were using the rolled axle, most 
of which were imported at that day, the proprietors 
determined on the erection of a rolling mill, which 
was put in operation in the fall of 1854, since which 
the business has been steadily increasing, until it 
has reached a product of 20,000 axles a year; and 
they have earned a reputation for their axles, both 
rolled and hammered, that is second to none in the 
country. 

These Works consume largely of scrap iron, all 
of which is thoroughly cleansed {rom dirt and rust 
by placing it in revolving cylinders, preparatory to 
piling and rolling. The rolled axles are further 
improved by having the journals hammered in; 
after the axle is made, the ends are placed ina 
heating furnace and brought to a white heat, and 
then placed under a heavy hammer; this serves to 
clean and condense the iron, giving a cleaner and 
better wearing surface. 

They have lately engaged in the manufacture of 
Bessemer steel axles, and are now executing an 
order of some 200, for the Pennsylvania railway, 
under a guaranteed test of a drop 1649 pounds, 
falling 20 feet, the axle to stand five blows, revers- 
ing at each blow. The axles are made four feet 
longer than required in use, to give a trial piece. 
They are also making bridge bolts, piston rods, 
etc., of Bessemer steel, and lately rolled bridge bolts 
for the Philadelphia, Wilmington and Baltimore 
railway, of this steel, 35 feet long, 24 inches in 
diameter. In addition to the axle business, which 
is their speciality, they manufacture bar iron, 
bridge bolts, guaranteed to stand 60,000 pounds 
tensile strain to the square inch, and Pencoyd 
shafting—.American Railway Times. 


UALITIES OF STEEL.—Kirchweger gives the fol- 
lowing review of various sensible qualities of 
the different sorts of steel and iron: 

Cast-steel shows a fine-grained and most regular 
fracture, hardens by sudden cooling, contains from 
1.5to 1.75 per cent carbon, and possesses 183 lbs. 
absolute resistance per square millimeter. 

Puddled cementation, or blister steeel, welds and 
hardens, contains from 0.66 to 0.49 per cent. of 
carbon; absolute tensile resistance 128-199 lbs. 

Bessemer steel is fit for welding, hardens very 
little, is very flexible, fine-grained in the fracture 
like cast-steel, and contains from 0.51 to 0.65 per 
cent of carbon; absolute tensile resistance 111-150 
bs 


Fine-grained iron is fit for welding, shows a fine- 
grained fracture, does not harden, and contains from 
0.51 to 0.65 per cent carbon; tensile resistance be- 
tween 70 and 117 lbs. 

Boiler-plate iron is fit for welding, does not harden, 
shows a fibrous harsh fracture, and contains between 
0.50 and 0.65 per cent carbon; resistance 66 lbs. 

These comparative statements must only be taken 
for what they are—mean deductions from German 
manufacture. : 
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‘an Urmization oF Biast-rurNACcE Stac.—At 
the Cleveland Institute of Civil Engineers, Mr. 
Crossley has recently brought forward some inter- 
esting facts and suggestions with regard to the 
sible utilization of blast-furnace slag. Mr. 
Crossley states that blast-furnace slag is a com- 
pound containing an excess of lime; gray slag con- 
tains in 100 parts, and on an average:—silica 38.25, 
alumina 22.19, lime 31.56, magnesia 4.14, protoxide 
of iron 1.09, manganese a trace, sulphide of calcium 
2.95; but its composition is not uniform, and differs 
according to circumstances. Several things can be 
done with slag, though its chemical composition 
would lead us to imagine that it is almost valueless. 
It can be converted into paving stones, it can be 
used to obtain sulphate of alumina, aluminate of 
soda, and pure silica for the manufacture of por- 
celain. The author makes known a plan of his own 
in which the slag, after being pulverized, is treated 
with hydro-chloric acid, which gives the silica in 
a gelatinous form whilst the alumina, lime, magnesia 
and iron are dissolved. The solution is evaporated 
to dryness, washed with water to dissolve the 
soluble salts, and the insoluble residue is treated 
with sulphuric acid, by which means sulphate of 
alumina is formed, the solution of which may be 
decanted off ; the silica, after washing the water, 
is left in a pure state. The sulphate of alumina 
may either be evaporated to obtain the salt ina 
solid or dry state, or it may be directly used for the 
manufacture of alum. By this process they will 
give a product worth 3/. per ton, and another worth 
71. per ton. Every 100 tons of slag will yield 33 tons 
of pure silica and 147 tons of sulphate of alumina. 
In some districts certain of the rarer chemical sub- 
stances are found in blast-furnace slag, and might 
be extracted as by-products and sold to the deal- 
ers in chemical curiosities.—The Scientific Review. 
NALYSES OF SwepisH Buster SreeL.—Dr. 
David Forbes has examined cementation steel, 
manufactured at Sheffield of Swedish bar-iron, and 
found its constitution : 
Carbon, in chemical combination ........ 0.627 
Carbon, graphitoid........sceseccsccees 0.102 
Silicon ...cccccccccccccccccccccccccces 0.080 
PRGRCERS . ccccccccccccccesccccceesce §6=6O000 
DT cciedidenensenaceds gatnexnes Gane 
Manganese....ccccccccecscccccccseccees 0.120 
THOR .ccnccccccccccetccccccccegecccoce 99.116 


100.00 


EYFERT, McMannus & Co., proprietors of the 
Reading Iron Works, employ 2,000 men in their 
foundry, steam forge, rolling and nail mills, tube 
works, &c. The rolling mill has a capacity of 5,000 
tons per annum; the tube mill about 10,000,000 
feet of wrought iron gas, steam and water tubes, 
besides 3,000,000 feet of lap-welded boiler tubes; 
350 tons of pig metal are produced daily, and about 
5,000 tons of sheet iron annually. The wages 
amount to $70,000 per month.—ZIrun Age. 
HE BerHienem Iron Company have a strong 
force at work putting up their new rolling mill 
in South Bethlehem, which, when finished, will be 
the largest mill of its kind in the United States. It 
is to be 400 feet wide by 900 feet long. They in- 
tend to manufacture all kinds of railroad iron, and 
also steel rails. Siemens furnaces will be used 
exclusively, for both puddling and heating. 





ORDNANCE AND NAVAL NOTES. 


pen PowpEr.—The particular point to be 
attended to in comparing small-arm powders is, 
which gives the best target—that is, virtually, 
which is most uniform. A powder which gives the 
best target will, when tested by the Navez-Lewis 
electro-ballistic apparatus, be found also to show 
the greatest uniformity in the velocity imparted to 
the projectile. 

One powder may surpass another, either in incor- 
poration—that is, in the thoroughness with which the 
three ingredients have been worked together ; or in 
physical qualities—the shape, density and hardness 
of the grains. Practically, all the best English 
powders, whether made by Government or by the 
private makers, are equal as to incorporation. No 
foreign powders can compete with them in this 
quality, as may be easily tested by flashing off a few 
samples of both on a glass plate. The specks of 
unburnt saltpeter and sulphur which all foreign 
powders leave on the plate show the imperfect man- 
ner in which they have been worked. This arises 
from the insufficient nature of the incorporating 
machinery in use abroad, where the powerful iron 
and stone mills now universally used in this ‘country 
are unknown. An imperfectly incorporated powder 
would never shoot strongly or regularly, and would, 
moreover, foul the piece excessively. The conver- 
sion of the incorporated ingredients into grains is 
the part of the manufacture which most affects the 
shooting qualities of powder. The only way to 
effect this is to press the mixture into hard cakes in 
a hydraulic press, and then crush these into grains 
between toothed metal rollers. The density and 
hardness of the finished powders (most important 
features) depend entirely on the pressing process 
and on the state in which the mixed ingredients are 
before being submitted to it; and, although it is 
impossible to ensure uniformity of results with the 
present machinery, two powders may be made to 
agree tolerably closely in these particulars. The 
grains, after being freed from the dust generated in 
the granulating process, are glazed or polished by 
long continued friction together in revolving wooden 
barrels. If this process affects, to any very consid- 
erable extent, the shooting qualities of the powder, 
it is, probably, not so much by imparting a surface 
or glaze to the grains as by rubbing them down to 
a more uniform shape. 

The extent to which a little variation in the sizes 
and shapes of the small black grains which consti- 
tute a charge of powder affects the shooting is very 
remarkable, as every grain takes a different time to 
burn in proportion to its sizeand shape. Supposing 
the density and hardness to be uniform, it follows 
that, if cartridges could be made up of grains all abso- 
lutely alike in these two particulars, absolute uni- 
formity in shooting would be obtained. The delicate 
modes of proof which we possess afford conclusive 
evidence in support of this. A minute examination 
of the ordinary small-arm powder of the service— 
the “rifle fine grain’ as it is called—will show that 
it is made up of grains which vary very considera- 
bly in size. It is, in fact, when finished, sifted out 
between sieves of twelve and twenty meshes to the 
inch; it must all pass through the former and be 
retained on the latter. If a quantity of this powder 
be taken and sifted on sieves of 12, 14, 16, 18 and 
20 meshes to the inch respectively, and if cartridges 
be made up out of the several siftings and fired 
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against others made up with the powder itself, the 
former, as a rule, will give very decidedly more 
uniform results than the latter, and the smaller the 
size of grain used the higher will be the velocity 
imparted to the bullet. ° a ? ° 

Unless some important alterations be made in the 
granulating machinery so as to enable it to crush up 
the pressed ingredients into more even sizes of 
grain, there is no possibility of obtaining quickly a 
large supply of powder of very even size. And if 
one size only be made at atime, it would cost as 
much for time and labor as treble the quantity con- 
taining greater varieties of size of grain. This is 
enough to account for the high prices such powders 
must always bear, without having recourse to the 
supposition that any one maker more than another 
possesses some important secret which enables him 
to turn out better powder. There is no article the 
good or bad qualities of which can be more easily 
detected, and nothing but an honest expenditure of 
capital, time and labor, can produce a good article. 
—Army and Navy Gazette. 


RooFr or Guns.—Mr. Whitworth says of the late 
trial of the 9 in. Fraser gun, pronounced so 
wonderful by the British press, viz: firing 19 tons 
of powder and 1244 tons of shot in 1,114 rounds, 
that as more than half the rounds fired were with 
powder charges, only about one-half the most effec- 
tive charge, and the remainder with three-quarters 
the charge, while all the shots fired were only two- 
thirds the best weight for that size of bore, I con- 
tend that it was no proper test of endurance but 
sheer waste of ammunition. 

Mr. Whitworth thus describes his own mode of 
proof :—It consists in preventing the shot from 
moving when the powder is ignited, the gases gene- 
rated by the explosion escaping only through the 
touch-hole. About one-sixth of the regular pow- 
der charge fired in this way gives the same strain to 
the gun as a full charge fired in the ordinary man- 
ner. To prevent the movement of the shot, a screw 
is cut on the periphery of the gun at the muzzle, 
and on it is fitted a screwed cap having a solid end. 
The gun is loaded with a cartridge of the ordinary 
length, but containing one-sixth of the regular 
charge, and supported by tin discs in the center of 
the bore; a flat fronted shot, with tight wads to pre- 
vent any escape of gas, and a round steel bar reach- 
ing from the shot to the end of the bore, are then 
introduced, and the cap with the solid end screwed 
on. The gun is then ready for firing, after which 
my measuring instrument is introduced into the 
bore, and any enlargement to the 10-1000th of an 
inch in extent may be ascertained. If there be no 
enlargement, the powder charges may be gradually 
increased, until a slight enlargement has been pro- 
duced. The real strength of each gun is thus posi- 
tively ascertained, and this strength I would have 
recorded and stamped upon each gun. This would 
give confidence to the gunners, and would act as a 
check on those engaged in the manufacture. When 
the ultimate endurance of any particular kind of 
gun is thus to be ascertained, the regular powder 
charges, or any less quantity deemed desirable, may 
be used, the enlargements being recorded after each 
discharge. A 9-pounder bore gun made of my 
metal, but reduced 12 in. in diameter, has been so 
tested, and has had 18 full charges of 14 Ibs. fired 
from it. The expansion in the bore is now .1903 
in. and that of the outside diameter is .0485 in. 





7 Frencn Navy.—The “ Revue Contempor- 
aine’’ contains an article, by M. Amédée Mar- 
teau, on the origin and gradual introduction of 
armor-plated vessels into the French Navy. After 
recalling to mind the first attempt in that direction 
during the Crimean war, when a few unwieldy iron- 
clad floating batteries silenced the fort of Kimburn, 
then the construction of the first armor-coated 
frigates in France, the Gloire, Invincible, Couronne 
and Normandie, the author adverts to the first yoy- 
age of an iron-clad across the Atlantic, performed 
in 1862, by the latter when sent over to Mexico 
with Admiral Jurien de la Graviére on board, [; 
was found that her rolling was fearful, as had been 
predicted by the adversaries of the system, who 
reasoned on the principle that her armor would 
render her top heavy, which, according to theory, 
must cause that defect. It was in order to remedy 
it, that her altitude above the water-line was di- 
minished, and her masts were lightened, on her be- 
ing sent on an experimental trip to the Canaries, in 
1863; but quite the contrary effect was produced, 
At Madeira, a consultation was held on board, which 
ended in a resolution to try whether increasing the 
weight above, and diminishing it below might not 
prove a corrective, in spite of theory; and so it 
was: about 200 tons of conical missiles were got 
out from the holdand piled on deck, and this actu- 
ally diminished the rolling considerably. The old 
theory has since been proved erroneous by mathe- 
matical calculations founded on these experiments. 
The new principle was immediately carried into 
effect in the Magenta and Solferino, which received 
two tiers of batteries, whereby the upper weight 
was considerably increased, and the vessel greatly 
steadied. Four turret frigates, the Ocean, Maren- 
go, Suffren and Friedland are now building, and 
will carry sixteen 11-inch guns. But besides these, 
a flotilla of corvettes is partly formed, and partly 
in course of execution. Instead of four turrets, 
like the frigates, they have two, and carry, more- 
over, four guns between decks. Each is armed 
with a spur, weighing twenty-two tons, and is pro- 
pelled by a 450-horse engine, which, however, may, 
if necessary, increase its power to 1,800 or 2,000 
horse. 

Yue New British Rirte.—The 200 Martini- 

Henry rifles which are about to be issued to the 

troops for trial will, it is stated, be disposed of as 
follows: One hundred will be sent to India, to be 
divided among the three Presidencies; fifty will go 
to Canada, as the station which, as regards climatic 
conditions, stands in the most direct opposition to 
India; and the remainder will be issued to the 
troops at home. The arms will be fired as much 
as possible, moved from one station to the other, 
taken on the march, passed from regiment to regi- 
ment, and subjected to as many of the vicissitudes 
of actual service as can be imitated or produced in 
peacetime. About a million rounds of ammunition 
will be manufactured for this trial; but we regret to 
hear that the strengthened or “‘ bottle-necked’, 
cartridge is not yet decided upon, and it will, there- 
fore, be necessary to supply the long cartridge, 
which is not unlikely to prove somewhat weak on 
service. The “‘ bottle-necked” or shortened cart- 
ridge will, doubtless, be preferred ultimately, and 
it is unfortunate that some of these cartridges, 
arms to match, could not have been issued at the 
same time as the others for comparative trial.—En- 
gineering. 
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Eaps’ Gun CarriaGe.—There is now in construc- 
tion at Fort Hamilton, a carriage to be worked by 
compressed air, and it is thought, by engineers who 
have examined it, that it will prove a success. To 
secure solidity and durability, and also to provide a 
sufficient support for the gun and carriage, weighing 
together over 61 tons, a circular excavation 15 feet 
in depth was made, and upon the bottom a grillage 
of timbers, each 15 inches square, was constructed. 
Then six feet of earth, firmly packed, was placed 
upon and between the timbers forming the grillage, 
and upon top of the earth, about five feet in thick- 
ness, or 150 tons in weight of concrete was laid, and 
surmounting this is a granite cap or table weighing 
42 tons. Sunken into the granite and fastened to it 
by ten bolts, 24 inches in diameter, and reaching up 
through from beneath the grillage, and ten bolts of 
the same diameter reaching through the granite only, 
is the bed plate, weighing four tons. Resting upon 
numerous small wheels which revolve upon a circu- 
lar track in the center of the bed plate, is the gun 
carriage, an ordinary triangular-shaped affair sub- 
stantially built. Projecting from the rear, and 
underneath the carriage, is an iron arm which is 
securely bolted to a piston rod working ina cylin- 
der. The cylinder is filled with compressed air 
supplied from a hydraulic pump, worked by a small 
steam engine, the pressure in the cylinder being 400 
pounds to the square inch. When the gun is fired 
the recoil is received in this cylinder, and upon the 
compressed air, by means of the piston rod connect- 
ing with the gun carriage. The pressure of the 
compressed air, it is expected, will check the re- 
coil, and throw the gun forward to its place, or by 
the use of a lever it can be held back until it is 
loaded. Surrounding the gun, and with an inclina- 
tion toward the muzzle, is a wrought-iron apron, 
upon the top of which is a track or groove, in which 
the balls or shells are placed, the inclination of the 
track furcing them around directly under the muz- 
zie of the gun. At this point the ball drops upon a 
frame bolted to a piston rod working in a small cyl- 
inder. The piston rises, carrying the ball with it, 
until it is opposite the muzzle, when, by an ingenious 
arrangement, the frame holding the ball is tilted 
over, and the ball rolls into the gun. This cylinder 
is bolted to the gun carriage, and is, of course, 
always in position to raise the projectile. The gun 
being revolved, run forward, and the principal part 
of the loading done by the aid of compressed air, 
but little remains to be done by hand, and the in- 
ventor is confident that the gun can be loaded and 
fired six times a minute, or more than thirty times 
as fast as by the present mode. If the invention is 
a success, the advantages accruing from it will be 
inestimable ina military point of view, and the prin- 
ciple can be applied to ships-of-war, or, in fact, to 
any or all heavy guns in whatever position they may 
be placed. The carriage is being constructed upon 
the designs of Capt. Eads, under the immediate 
supervision of Mr. Wm. Lane, engineer in charge of 
Fort Ilamilton, and he expects to have it ready for 
use within a week.— Tribune. 


New Exptosive Matertau.—The following ac- 

count of a new explosive material is abridged 
from the ‘‘ Kélnische Zeitung,’’ May 19th, which 
gives the ‘‘ Militar-Wochen-Blatt ’’ as its authority : 
“It is now some time since the proprietors of the No- 
ta-Gyttorp Powder Mills obtained a patent in Swe- 
den, for the discovery of the so-called ‘ammonia pow- 





der,’ a substance which has hitherto been only em- 
ployed ina few mining districts, but which otherwise 
seems wholly unknown. Its explosive force may be 
compared to that of nitro-glycerine, and, consequent- 
ly, far surpasses that of dynamite. It cannot be ex- 
ploded by a flame or by sparks, and the explosion is 
effected by a heavy blow from a hammer. Blast 
holes loaded with this powder are exploded by 
means of a powerful cap, or, better, by means of a 
cartridge containing common powder, for this forms 
a more reliable exploder. One of the useful and 
important properties of this new powder is, that it 
does not require heating in cold weather, whilst 
nitro-glycerine and dynamite must first of all be 
warmed, and this has been the cause of many acci- 
dents.”” The same paper further adds: ‘‘ Accord- 
ing to information we have received, ammonia pow- 
der was discovered by the chemist, Norrbin.’’ The 
German ‘‘ Building News”’ contains extracts from 
a report of the Prussian architect, Steenke, who 
makes the following remarks upon the safety of 
ammonia powder: ‘‘ Experiments were made by 
fastening a lamp to a pendulum, which was caused 
to oscillate; gunpowder, gun-cotton, nitro-glycerine, 
and dynamite, all took fire as the flame passed over 
them, but the ammonia powder did not begin to burn 
till it had been touched by the flame twenty times. 
In making experiments upon the force of the blow 
required to explode it, it was found that, with the 
apparatus employed, where the fall of a weight from 
4 to 5 ft. would explode gunpowder, nitro-glycerine 
only required 14 to 2 ft., dynamite 23 to 3 ft. fall, 
whilst a fall from 12 to 15 ft. was necessary to cause 
the explosion of the ammonia powder.”’ 


un Corron.—At the Cambridge meeting of the 
Association in 1862, a committee, consisting of 
representatives of the mechanical and chemical 
sections was appointed for the purpose of ivesti- 
gating the application of gun-cotton to warlike pur- 
poses. At the Newcastle meeting in the following 
year this committee presented their report. It was 
felt that a complete study of the subject demanded 
appliances which could be obtained only from our 
military resources, and at the Newcastle meeting a 
resolution was passed recommending the appoint- 
ment of a royal commission. This recommendation 
was adopted, and, in 4, a commission was 
appointed which was requested to report on the 
application of gun-cotton to civil as well as to naval 
and military purposes. The committee gave in 
their report last year, and that report, together 
with a more recent return relative to the application 
of gun-cotton to mining and quarrying operations, 
has just been printed for the House of Commons. 

A substance of such comparatively recent intro- 
duction cannot be fairly compared with an explo- 
sive in the use of which we have the experience of 
centuries. Yet even with our present experience, 
there are some purposes for which gun-cotton can 
advantageously replace gunpowder, while its manu- 
facture and storage can be effected with comparative 
safety, since it is in a wet state during the process 
of manufacture, and is not at all injured by being 
kept permanently in water, but merely requires to 
be dried for use. Even should it be required to 
store it in the dry state, it is doubtful whether, 
with the precautions indicated by the chemical 
investigations of Mr. Abel, any greater risk is 
incurred than in the case of gunpowder. In the 
blasting of hard rocks it is found to be highly effi- 
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cient, while the remarkable results recently obtain- 
ed by Mr. Abel leave no doubt of its value for 
explosions such as are frequently required in war- 
fare. General Hay speaks highly of the promise of 
its value for small arms; but many more experi- 
ments are required, especially as a change in the 
arm and mode of ignition require a change in the 
construction of the cartridge. In heavy ordnance, 
the due control of the rapidity of combustion of the 
substance is a matter of greater difficulty; and 
though considerable progress has been made, much 
remains to be done before the three conditions of 
safety to the gun, high velocity of projection, and 
uniformity of result, are satisfactorily combined.— 
Prof. Stokes, British Association. 


HE PatuseR Gun.—Some particulars are to 

hand relating to the practical working of a num- 
ber of guns converted upon Major Palliser’s system, 
and which will prove interesting to our readers. In 
1866, eight cast-iron 24-pounder and 32-pounder 
smooth-bore guns were converted by Major Pal- 
liser into 66-pounder and 64-pounder rifled 
guns, with a view of ascertaining whether our 
large stock of cast-iron guns could be advan- 
tageously converted into rifled cannun. Of these 
eight experimental guns one was tested for endu- 
rance, by firing continuously, with shot of 64 
Ibs. weight, until it had completed 2,285 rounds, 
of which 2,170 were with 8 lbs. charge, eighty- 
eight with 14 lbs., two with 12 Ibs., one with 10 
Ibs., and twenty-four with 16 Ibs. and 86 lbs. shot. 
The power of endurance of the converted guns was 
thus thoroughly proven. Six of the remaining guns 
were issued for service to home and foreign stations, 
in order that the Royal Artillery might have an 
opportunity of practicing with them. The prelimi- 
nary reports from these stations have now arrived, 
and are, on the whole, very satisfactory. The 64- 
pounder issued to Devenport has fired over 300 
rounds, the gun is reported to be perfectly service- 
able, and no complaints have been made of an 
difficulty in working. The Sheerness 56-pounder 
gun has fired 200 rounds, and the practice is reported 
as excessively accurate. The report from Gibraltar 
speaks in high terms of the accuracy of the 56- 
pounder issued to that station. The gun has fired 
400 rounds, and is perfectly serviceable. The 56- 
pounder issued to Malta has fired 250 rounds. At 
Dover a 64-pounder has fired over 180 rounds with 
remarkable accuracy. The gun is spoken of as 
being, for handiness and fitness for rough work and 
exposure, in every way equal to the old 32-pounder. 
The 64-pounder on board the “ Excellent” has 
fired over 480 rounds with great accuracy, the 
working of the gun carriage, &c., being in every 
way satisfactory. These reports are of much inter- 
est, proving, as they do, that the converted 64- 
pounder gun is fully equal to the more expensive 
wrought-iron gun of the same caliber.— Mechanics’ 
Magazine. 

1gHT Guns For Inp1a.—The Indian field equip- 

ment committee have recommended the adop- 
tion of the modified French rifling in place of the 
Woolwich rifling originally proposed. It will be 
recollected that two riflings were in competition— 
the first being a modification of the French groove 
suggested by Colonel H. Maxwell, Royal Artillery, 
superintendent of the gun factory at Cossipore; the 
other that form of groove known as the ‘ Wool- 
wich.” The French groove gave slightly better 





accuracy and a somewhat lower trajectory, but it 
was thought that the wear of the guns, after coy. 
tinued firing, was somewhat greater with the French 
rifling. And as the question of wear is one of im- 
portance, the committee, in their preliminary report 
recommended the Woolwich system ; but when the 
two guns came to be exactly measured to the thou- 
sandth of an inch, it was found that the modified 
French groove had really worn less than the Wool- 
wich groove, and the guns will, therefore, be ritled 
in accordance with this experience. The question 


of ammunition is still in abeyance, awaiting the re- 
port of the Dartmoor Shrapnel versus Segmeut 
Committee, but as that report was, we believe, 
signed on Saturday, the uncertainty on this point 
cannot be of much longer duration.—Engineering. 


N™ Britisu IroncLaps.—The following armor- 
clad ships are now under construction for the 
Admiralty, either at the royal dockyards or private 
shipbuilding establishments. They are said to be 
in such a forward state that they will be completed 
during the present or early in the ensuing year :— 
The Sultan, 12, 5,226 tons, 1200 horse power, and 
the Glutton, 2, 2,709 tons, 500 horse power, double 
screw turret ship, building at Chatham dockyard; 
the Iron Duke, 14, 8,774 tons, 800 horse power, 
double screw, building at Pembroke dockyard; the 
Swiftsure, 14, 3.893 tons, 800 horse power and the 
Triumph, 14, 3,893 tons, 800 horse power, building 
by the Palmer Shipbuilding Company at Jarrow- 
upon-Tyne; the Hotspur, 2, 2,637 tons, 600 horse 
power, armor-plated ram, building at the yard of 
Messrs. Napier & Sons, Glasgow; and the Vanguard, 
14, 3,774 tons, 800 horse power, building by Messrs. 
Laird Brothers, Birkenhead. In addition to the 
above, the Abyssinia, 4, 1,854 tons, 200 horse power. 
and the Magdala, 4, 2,107 tons, 250 horse power, 
double screw iron armor-plated turret ships, are 
building for the defense of Bombay, the former by 
Messrs. Dudgeon, at Poplar, and the latter by the 


Y | Thames Iron Shipbuilding Company at Blackwall. 


As soon as one of the building slips becomes vacant 
at Chatham dockyard, a new armor-plated ram, 
to be named the Rupert, of 3,159 tons, and 700 horse 
power, is to be commenced at that establishment.— 
A new armor-plated turret ship, the Devastation, 
of 4,406 tons, and 800 horse power, from the designs 
of Mr. E. J. Reed, C. B., has been recently com- 
menced at Portsmouth dockyard. 


UBMARINE STEAMSHIP.—The accounts given of 
the new submarine steamship invented by Otto 
Vogel sound fabulous, and yet the Berlin Bérsen- 
zeitung asserts that the Prussian Admiralty has 
approved of the plans submitted to them for inspec- 
tion. The vessel, covered with strong plating, is 
entirely below the surface of the sea, with the excep- 
tion of the deck, which is surmounted by a vaulted 
iron roof of immense strength. Beneath this cover- 
ing heavy guns are placed, so tliat the whole greatly 
resembles a first-rate ironclad. It is said, however, 
that besides all the advantages of such men-of-war, 
the new ship may be entirely submerged, and in 
this position is so completely under command that 
it can outweather a storm or attack an enemy with 
submarine cannon and torpedoes. Vogel is now 
engaged in constructing a large model twenty-four 
feet in length which will soon be finished. 


has J. G. Foster, U. S. Engineer, has devised 
a new and ingenious counterpoise gun carriage. 
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ue following statement of the nominal strength 
T of the armies of Continental Europe was not 
long since given by Baron Kuhn in the Austro-Hun- 
garian Parliament : 
France. wail 

TIDY coccacccccsce soseccesccssececss y 
Hobe National Guard ........e.sese02 550,000 


Ee 


North German Bund. A 
Standing ArTMY....eseseceeecereseececs 843,394 
Landwellf .ccccccccccccccccccccccceses 185,552 


Total cccccccc.cccccccccccceccees 1,026,086 
South Germany. _ 

Standing army... .scceeeeeecececeesese 156,760 

Landwehr ....ccccccccces ecocccccccces 48,411 


Ni ade idiantiinnddiieisa: ae 
North and South Germany together. 
DAA, « 6.000 n0:60640040040000000seccnc ed eeenee 


Austro-Hungarian Monarchy. 
Regular forces including navy and re- 
i <---hdigeeasinebesgedadacuna Se 
Border troOpS.....sesecesesecesesccees 53,000 
Landwehr ..ccccccccccccccccceccccccse 200,000 


Total, .cececececeeecccccccses oeee 003,000 
Russia. 
Field army, including army of the Cau- 
GUD ccace soccccesenccescccsceeceen CHAD 
Local forces ..cccccccccccccccccssccccce 410,427 
Irregulars... cseccceccccecscseveseses 229,228 


Total ...ccccccces cccccccccccecesed, 467,000 
Italy. 

AIMY.. cocccccccccccccccsccccsccccccs 348,461 

Mobile National Guard, including Venetia, 132,300 


TNE on cccnnedssecccesccceccoseses SRT 


ya or Suor 1n Guns.—A series of experi- 
ments has been carried on during the last few 
days at the proof butt, Royal Arsenal, Woolwich, 
with instruments invented by Captain Noble, late of 
the Royal Artillery, and now one of the firm of Sir 
William Armstrong & Co., at Elswick, to measure 
the velocity of a shot while on passage in the bore 
of a gun when fired, and also to test the strength of 
gunpowder. The results of the experiments are not 
yet made known, but it is anticipated that they will 
materially alter the data upon which theoretical 
calculations are made in gunnery. 


MPROVED CARTRIDGES.—A great improvement 
has been effected in breech-loading cartridges, 
by the Colt Firearms Company, by which the cart- 
ridge case can be reloaded and capped after firing, 
thus utilizing the same case a number of times. At 
the Frankford Arsenal the machinery for making 
the cases has been so much improved as to rival, in 
precision and automatic character, the machinery 
of the pin factory, or the mint, besides greatly re- 
ducing the cost. 


RAILWAY NOTES. 


| Fryer or DesiGN AND STYLE In MACHINERY 
OF THE PENNSYLVANIA RatLtway.—This is now 
the intlexible rule in every department and class of 
equipment and manufacture. The reform in this 
respect, begun ten years since in the car department, 
now extends to, and is very nearly realized to all 
the departments of the road. The end arrived at 
was, as then explained, ‘to get our entire equip- 
ment in each class uniform;’’ and what particularly 
commended it was, that it would dispense with a 
supertiuous variety of patterns and duplicate work 
on hand for repairs. A larger view of late has pre- 
sented itself, expressed by the superintendent of 
motive power aud machinery, in his report for 1868, 
who says that its importance, ‘“‘ both as a measure 
of economy and increased efticiency cannot be too 
highly estimated; for, with such a system only can 
the cost of repairs of locomotives and proportions of 
engines out of service be reduced to a minimum.” 
The superintendent of motive power and machinery 
is assisted by a mechanical engineer, in charge of 
the drafting room, after whose designs all work is 
made; and gauges and templets are placed in the 
hands of all manufacturers for the company, with 
drawings of every portion, even to the seats for fire- 
men and engineers in locomotives. As old stock 
wears out, it is cut up; and the numbers re-appear 
on ‘‘ standard ”’ engines and cars of uniform pattern 
throughout. No deviation is permitted, at any 
one’s will or caprice; all changes must be adopted 
generally. The system is not a novel one; it is only 
peculiar to the road in the extent of its application. 
When the new car shops are completed, the com- 
pany will manufacture all its own cars; and the 
time is not distant when it will replace all failing 
engines, and make all necessary additions to motive 
power, after a system equally comprehensive. In- 
deed, it is calculated that in five years, instead of the 
Sforty different classes of engines now in use (456 at 
this writing; additions every week), there will be 
but three main classes—standard 8-wheel passenger, 
standard 10-wheel freight, and standard shifting. — 
Each of the first two classes will have a “ moditica- 
tion,’’ the difference, however, consisting only in 
the diameter of the driving-wheel and the size of 
the boiler. An obvious result of the system will 
be the fact that many of the most important pieces 
of car or engine, being common to their class, will 
be interchangeable—in locomotives, for example, 
among castings, the driving-boxes, eccentrics, ec- 
centric straps, etc., etc. The etandard locomotive 
of the road is no less admirably adapted to its work 
and condition in style than in construction. Devoid 
of all the brass ornaments with which with super- 
fluous outlay it is customary to overload engines; 
painted a plain black, with number in gilt and a few 
neat gilt traceries, it is easily kept clean and its en- 
tire look is in keeping with the character of its work. 
The engineers who at first parted reluctantly with 
the brass and the fancy painting would not now have 
them back. Their mistresses are admired not for 
adventitious charms, but for unpretentious, solid 
worth; for the relations ‘‘ she ’”’ sustains to her lord 
and master are by no means without the refinements 
of sentiment and atiection.—Chicago Railway Rev. 
7% Prosectep TuNNEL Raitway UNDER THE 

Mersey to connect Birkenhead with Liverpool, 
for which powers were taken in a bill this session. 





has been abandoned for the present. 
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; y- Mississiepr1 Bripce at Sr. Louis.—Work 
on the Mississippi bridge at St. Louis is being 
rapidly pushed forward. The shore pier on the St. 
Louis side has been completed to a point above low 
water mark, and the dredge boats are now employed 
in preparing for the sinking of a caisson for the sec- 
ond pier, which will be located about three or four 
hundred feet from the shore. The bed rock has 
been sounded. In order to hasten the completion 
of the bridge, a large body of workmen is engaged 
on the Illinvis side, digging for the location of the 
final pier, and within two or three weeks the second 
pier in the water and the fourth pier on the Illinois 
side will be under way. The most difficult pier to 
construct is the third, near the center of the stream, 
owing to the rapidity of the under current and the 
sloping character of the bed rock. Engineering 
skill will, however, overcome all these obstacles, 
and as soon as the second pier is under headway the 
caisson will be sunk for the central one. The levee 
for several squares is covered with stone, brick and 
timber, which are being prepared for their respect- 
ive positions. The estimated final cost of the struc- 
ture is $7,000,000, $4,000,000 of which have already 
been raised. As the work progresses, there is no 
doubt but the Legislature, city council and county 
court, will render sufficient aid to complete the affair 
at an early day. The rapid currents, quicksand 
bottom and other difficulties, incidental to spanning 
a great stream like the Mississippi, will necessarily 
prolong the work, but that within three years at the 
furthest the bridge will be duly inaugurated, there 
ean be but little doubt. Capt. Eads, the chief en- 
gineer, is laboring with enthusiasm and energy.— 
While in Europe he visited all the bridges of note, 
and secured translations of the reports of various 
civil engineers on the subject of bridge building, 
with a view to employing in the construction of the 
bridge the most approved plans, so as to secure a 
work that will not only be a model of beauty, as far 
as engineering skill is concerned, but durable as 
well. Associated with him is Henry F lad, a gentle- 
man who ranks deservedly high among } ractical and 
scientific engineers. Both are confident of com- 
pleting the bridge in three years at the longest, and 
even talk of two years as the most probable time. 
The work of tunneling Washington ave., St. Louis, 
will not prove as difficult a task as many suppose, 
and it is believed that it can be accomplished with- 
out disturbing either the sewer, water, or gas mains. 
Should this operation, however, prove too hazardous, 
then an elevated railway will be constructed. In 
either event the road will terminate in a grand union 
depot somewhere near Fourteenth street, forming a 
direct connection with the Pacific and other roads.— 
St. Louis Times. 


(fue Bower Waters or tHE Paciric RaIL- 

roap.—There are very few railroads which are 
so located that good, fresh water for making steam 
is accessible. In the course of the long stretch of 
the Pacific Railroad, all the varieties of water 
which are annoying to engineers have been met 
with, and there is little doubt that the experience 
with these waters will prove of great value to the 
world. The table herewith presented exhibits the 
saline composition of the water at nine successive 
locomotive stations on the Union Pacific Railroad, 
the stations being from ten to fifteen miles apart. 
The analyses were made at the editor’s laboratory. 
and are as complete as the small quantity of ma- 


terial used in the work would allow. It was im- 
practicable to determine the contents of gases and 
organic matter. An examination under more fayor- 
able cricumstances will shortly be made, and it is 
confidently expected that in some of these waters q 
notable amount of the rare alkali metals may be 
found. The names at the top of the table desig- 
nate the stations as represented on the railroad 
time-table.—Chemical News. 


*IOATY W921) 


28.84 





‘Buydg yoy 





1.96 


17.15 


“syooy Jo qUI0g 


82.90 
15.82 
6.30 


25.41 





10.71 Joccecese 
7.21 
B.01 Joccccscclecce 


“Ing Aug 





45.70 | 88.64 
23.10 | 12.60 
"18.20 
52.29 | 15.68 


25.55 


"Yoorg 19g 





8.78 
17.99 
5.67 
2.17 


106.61 





eeeeeeees 
eeereees 





5.74 
23.38 
68 
35 


Pee eetlionneesseeiosn 


“Or yeysy MA 


73.08. 
35.49 


167.79 





24.64 
178.15 
80.08 

"23.66. 

472" 
8.08 


“uorzeredag 


107.7 





28.49 


28.84 


24.15 


*sBulpavy 


101.29 | 459.06 | 806.46 | 136.22 | 164.85 | 87.85 | 156.87 | 1,620.92 











potassium ...... 


of lime.......... 
gnesia...... 


ulphate of magnesia. ......J)e.++e.0 
Residues, per gallon ...... 


ulphate of lime........... 








Sulphate of potassa ......../e..-000. 
Alumina and oxide of iron..|..... 


Ss 
Ss 
Chloride of sodium. 


Chloride of 
Carbonate 


Carbonate of ma 
Silica. ........ 


Sulphate of soda........... 


Li Rotuine Stock.—It has now been indis- 
putably established that it is possible to con- 
struct a combined engine and carriage capable of 
accommodating 66 passengers, of both classes, the 
whole weight of which, fully loaded, shall not ex- 
ceed, if indeed it do not fall short of 20 tons, while 
the adhesion weight is nearly half as much, or ten 
tons, and the average steam tractive force at least 
half a ton. The resistance of such a carriage at 
20 miles an hour upon a level, would not exceed 
800 or 400 Ibs., nor, upon a gradient of 1 in 60, 
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more than from 1,050 lbs. to 1,150 Ibs., the whole 
actual work done being, say, 25 horse-power in one 
case and 76 in the other, or, supposing the speed on 
the gradient to be diminished to 17 miles an hour, 
to but 60 horse-power. The carriage is not one of 
the omnibus kind, but has seven compartments and 
guard's van, in all respects in conformity with the 
standard rolling stock of English lines. The weight 
per wheel being in no case greater than 24 tons, lines 
of corresponding lightness would serve as well as 
heavy lines now serve for heavy engines, loaded as 
they are to from five, six, seven, and even eight 
tons upon each driving wheel. If even half filled 
with passengers, such a carriage at ordinary fares 
would earn about 5s. per mile, and, if filled, of 
course, twice as much. The whole cost of working 
would certainly be small. When working upon 
moderately easy gradients, the consumption of coal 
would run but from 6 Ibs. to 8 Ibs. per mile, the 
wages of driver, stoker and guard, making 100 miles 
a day, to but 13d. per mile, and repairs to probably 
Jess than a pound a day, or 2jd. per mile, these re- 
spective expenses being thus only 5d., or say, 6d. 
per mile, including all train charges. Permanent 
way, station expenses, and general charges might 
carry the whole to 1s. or 1s. 3d.; but even at twice 
the last named cost there would be a high propor- 
tion of profit on the work. 

The motion of the carriage is easier than that of 
an ordinary train, the total wheel base being so 
much longer and yet so much easier from being 
formed upon swivelling bogies. It is almost im- 
possible to imagine that if branch line and other 
short traffic passengers were allowed to make use 
of this carriage, they would not universally pro- 
nounce in its favor. Mr. Fairlie, the designer, 
having worked out his system upon the great scale, 
and with the most perfect success, as the experi- 
ments at Hatcham have abundantly shown, is not 
only to be congratulated, but is entitled also to the 
warmest thanks of the whole railway body;politic.— 
Engineering. 


SCILLATION OF Raitway Trains.—Sir Charles 
Fox says in the ‘‘ Times”: The oscillation of 
railway trains, more especially at high velocities, 
producing what is ordinarily called ‘‘ gauge concus- 
sion,” is a very serious source of wear to the per- 
manent way and rolling stock of railways, and, as a 
consequence, of great expense, to say nothing of the 
discomfort it occasions to passengers, and is, in my 
opinion, caused in very great measure by the use of 
wheels, the tires of which are portions of cones in- 
stead of cylinders. 
If the English engineers would use the swing 
beam on their railway vehicles, they would be much 
less troubled from this cause.—Ed. V. N. M. 


1 ie Mont Cenis Tunnet.—The underground 
works of Mont Cenis are carried on with in- 
creasing spirit and energy. The opening of the 
great tunnel for the locomotive before July, 1871, 
is confidently predicted. The Italian minister of 
public works is hastening the construction of the 
railway from Susa to Bardonnéche, the southern 
opening of the tunnel; a guaranty, it is understood, 
being given that the grand opening will be completed, 
and the whole properly walled and strengthened by 
the time this railway is finished. The French gov- 
ernment has given similar pledges as to the northern 
opening at Modane. 





] Spain Casuatties 1n 1868.—The complete 
official tale of casualties to human life and 
limb on alt the railways of the United Kingdom, 
during the twelve months ending with December 
last, is 212 killed and 600 injured. But among the 
killed eight suicides are counted for which the rail- 
ways cannot be deemed responsible—unless, indeed, 
the eight unfortunates were shareholders. Making 
this deduction, we have 204 deaths. This, however, 
is under the mark, but how much under the return 
of the Board of Trade offers no means of estimating; 
it tells us only that the statement of “‘ accidents to 
servants of companies or of contractors cannot be 
looked upon as complete, as many railway com- 
panies (not being required by law) do not report to 
the Board of Trade every accident which may have 
occurred to this class of persons.”? Nearly all the 
recorded injuries and about two-thirds of the re- 
corded deaths fall under, with reference to the suf- 
ferers, two broad and opposite categories—accidents 
from causes over which the sufferers had no control, 
and accidents from causes originating in the mis- 
conduct or carelessness of the sufferers. The other 
deaths, about one-third of the whole, are classed 
without specific regard to these conditions.—Engi- 
neering. 


HE THAMES TUNNEL, which opened on the 2d of 

August, 1848, was closed in July last, having 
been a public footway for a period of twenty-six 
years, less thirteen days. It has been purchased 
for £200,000 (one-third of its cost) by the East 
London Railway Company, which line will be com- 
pleted, as far as Wapping, in a short time. The 
new Thames Subway trom Tower-hill to Bermond- 
sey (Mr. Barlow’s scheme), commenced on 16th of 
February of the present year, is proceeding very 
rapidly, and, if all goes well, will be opened for 
traffic in three months time. Its cost will be under 
£20,000. The works of the old Thames tunnel 
were commenced in 1825. Physical and financial 
difficulties delayed the opening for eighteen years. 


(‘ue Dussetporr Bripcr.—The great railway 

bridge over the Rhine, near the village of Hamm, 
a little above Dusseldorf, is progressing rapidly, and 
will probably be completed before the end of No- 
vember. The bridge is to consist of four arches, 
the upper part of which will be made of iron. The 
iron work of each arch will weigh 14,000 centners. 
The bridge is united to the main line on the left 
bank by a viaduct consisting of fifteen stone arches, 
but this viaduct does not immediately join the 
bridge; it is separated from it by a revolving draw- 
bridge, so that the line can be rendered impassable 
al any moment. On the right bank a fort is being 
built which will command the whole bridge. 


Rapip CuanGce or Gavae.—In Missouri, last 

month, the Missouri Pacific Railway, a road 
nearly 200 miles long, changed its line from the 
broad to the narrow gauge. Nearly 1,400 men were 
engaged in the work, and they labored with such 
celerity that the task was accomplished in twelve 
hours, and without interrupting the business of the 
road. 


= Bripce.—A site for the erection of the 
model of the railway bridge from Calais to 
Dover, designed by M. Boutet, has been granted, at 
the Government marble depot, Paris, by the Em- 
peror’s minister of the imperial household. 
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NEW BOOKS. 


ACHINERY AND Processes OF THE INDUSTRIAL 

Arts, AND APPARATUS oF THE Exacr Sci- 
ences. By Freperick A. P. Barnarp, LL.D., 
U. States Commissioner, Paris Universal Exposi- 
tion, 1867. Washington: Government Printing 
Office, 1869. 8vo, pp. 669. For sale by D. Van 
Nostrand, 23 Murray street, New York. 

This is an extremely valuable memoir upon a 
great number of important topics connected with 
the Industrial Arts and the applications of mechan- 
ical and physical principles, as these were illustra- 
ted in the French Exhibition of 1867. These are 
considered in a systematic and exhaustive manner, 
in fourteen chapters, of which the general headings 
are: I. The relation of invention to industrial pro- 
gress, pp. 1-25; II. Motors, pp. 26-127; III. 
Transmission of force, pp. 128-150; IV. Accumu- 
lation of force, pp. 151-161; V. Measure of force, 
pp. 162-168; V1. Direct applications of force, pp. 
169-218; VII. Meters for liquids and gas; Boiler 
feeders, pp. 219-236; VIII. Machines and mechan- 
ical apparatus designed for special purposes, pp. 
237-280; IX. Processes and Products, pp. 281- 
332; X. Diving and Respiratory apparatus, pp. 
832-346; XI. Improvements in the application of 
cold, pp. 346-360; XII. Artificial production of 
cold, pp. 361-402; XIII. Light-house illumina- 
tion, pp. 403-416; XV. Printing and the graphic 
arts, pp. 417-468. Under each of these general 
heads we find grouped a great number of most in- 
teresting and important matters, about many of 
which it is impossible to find elsewhere, if at all, so 
clear and exact statements. The mere enumera- 


tion of the topics thus discussed would fill several 
pages of this Journal. 

‘he just claims of American skill and science 
are fully stated, with occasional reclamations, 


among which we are glad to find under chapter 
XII, a full recognition of Prof. Alexander C. Twi- 
ning’s American Ice Machine of 1850, which is un- 
questionably the progenitor of all similar machines, 
and which has been most shamelessly pirated and 
appropriated by European inventors. In conclu- 
ding his account of Prof. Twining’s apparatus, Dr. 
Barnard adds: ‘‘It cannot be too much regretted 
that an invention of so much merit and importance, 
and of which the soundness and commercial value 
had been so fully demonstrated, both theoretically 
and experimentaliy, should, through the apathy or 
timidity of capitalists, have been permitted to be 
neglected in the country in which it originated, till 
foreign enterprise had seized upon it, and developed 
it into a great industry.’’ 

This Report is illustrated by well-executed wood 
cuts of the most important forms of apparatus dis- 
covered, 154 in number, and is correctly and hand- 
somely printed, under the supervision of Prof. W. 
P. Blake, charged with editing the Reports of the 
United States Commissioners of the Paris Exposi- 
tion of 1867.—Am. Journal of Science and Art. 

UBMARINE WARFARE. By Lieut. Commander 

Barnes, U.S.N. D. Van Nostrand, 23 Mur- 
ray street, New York. 1869. 

This is an important book to military men, and 
consists of an examination of the various offensive 
and defensive engines that have been contrived for 
submarine hostilities, including a discussion of the 
torpedo system, its effects upon iron-clad ship sys- 
tems, and its probable influence upon future naval 





wars. Plates of a valuable character accompany 
the treatise, which affords a useful history of the 
momentous subject it discusses. Beginning with 
David Bushnell, who was born in Connecticut jn 
1742, and was the first inventor of torpedoes, the 
narrative is brought down to our own day and in- 
cludes those most famous practical epochs of sub- 
marine operations, the Crimean war and our own 
late struggle. The contrivances of Fulton, and his 
negotiations concerning them with the French and 
English governments, are described, as well as the 
later experiments of Colonel Colt and his cognate 
proposals to the authorities at Washington. The 
author regards the Southern States as the first 
power to introduce a regular system of torpedo 
warfare. It is, however, certain that the Russians 
used torpedoes, and even electricity as applied to 
them, for defending their harbors against the Eng- 
lish and French. fulton thought of this applica- 
tion of electricity, but gave it up as impracticable, 
The nearest approach to a complete torpedo-boat, 
in the opinion of the author, is the Spuyten Duyvil, 
built by Messrs. Wood and Lay, U.S. N. This vessel 
was not built in season to test her powers during 
our late war; but Captain Barnes thinks her the 
most formidable engine of destruction for naval 
warfare now afloat. A great deal of useful infor- 
mation is collected in his pages, especially concern- 
ing the inventions of Scholl and Verdue, and of 
Jones’ and Hunt’s batteries, as well as of other 
similar machines, and the use in submarine opera- 
tions of gun cotton and nitro-glycerine.—New York 
Times. 


Snort Course 1N QUALITATIVE ANALYSES, 
WITH THE New Noration. By J. M. Crarrs. 
Professor of General Chemistry in the Cornell Uni- 
versity. New York: John Wiley & Son. 1869. 
Familiar with, and rightly appreciating the wants 
of students, Professor Crafts has prepared a manual 
as excellent in design as able in execution. It 
goes over the whole field that a student would be ' 
likely to work in, in a condensed, yet eminently 
comprehensive and lucid manner. It gives full 
instruction in manipulation, explicit directions for 
conducting the various methods of testing and 
accurate accounts of the operation of the usual 
re-agents, together with the behavior of the various 
classes of substances in their presence. The general 
arrangement of the subject is the best, perhaps, that 
could be desired for the special aim in view; the 
divisions are natural; copious references, back and 
forth, among the ditterent analyses, afford material 
assistance; while the letter-press itself, with its 
conspicuous headings, is called in to aid the stu- 
dent’s progress. The very full tables, at the end, 
have all the furce of diagramatic illustrations. We 
need scarly add that the classification, nomen- 
clature and notation are in accordance with latest 
researches in chemical philosophy. So very con- 
venient, useful and trustworthy a book cannot fail 
to take and maintain the place it was intended for— 
at the elbow of the student working in the labora- 
tory. We commend it to the favorable considera- 
tion of those engaged in teaching this branch of the 
science.—New York Times. 
ULLETIN OF THE NATIONAL ASSOCIATION OF 
Woot Mavyvuracturers. Boston: Office, ll 
Pemberton square. 
HE Locomotive ENGINEERS’ MontuLy JouRNAL. 
August. 
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Manual or Macuinery AND Mitiwork. By 
Wituram J. Macquorn Rankine, C.E., F.R 
§.,&. London: Griffin& Co. 1869. 

This in an entirely new work of Dr. Rankine’s, 
the Regius Professor of Civil Engineering and Me- 
chanics in Glasgow University. 

The book is divided into three parts. The first 
treats of the Geometry of Machinery; the second, 
of the Dynamics of Machinery; and the third, of 
the Materials, Strength and Construction of Ma- 
chinery. Under the head of the Geometry of Ma- 
chinery_ machines are considered with reference to 
the comparative motions only of their moving parts; 
and rules are given for designing and arranging 
those parts so as to produce any given comparative 
motion. 

Several problems in mechanism are solved by 
methods which appear not to have hitherto been 
published, and which possess advantages in point of 
ease or of accuracy. Such are those regarding the 
drawing of rolling curves, and of some kinds of 
cams; the construction of the figures of teeth of 
skew-bevel wheels, and of threads of gearing- 
screws, by the help of the normal section; and 
some improvemeuts in the details of processes for 
designing intermittent gear, link motions aad pa- 
rallel motions. 

Under the head of the Dynamics of Machinery, 
are considered the forces exerted and the work 
done in machines; the means of measuring those 
quantities by indicators and dynamometers; of de- 
termining and balancing the reactions of moving 
masses in machines, and of regulating work and 
speed; and the efficiency, or proportion in which 
the useful work is less than the total work, in the 
different sorts of moving pieces, and their various 
combinations. 

Under the head of the Materials, Strength and 
Construction of Machinery are considered; first, 
the properties of various materials, as affecting their 
treatment and use in the construction of machines; 
secondly, the general principles of the strength of 
materials; thirdly, the special application of those 
principles to questions relating to the strength and 
the construction of various parts of machines; and 
fourthly, the principles of the action of cutting tools. 

The work is illustrated with numerous diagrams. 
We need scarcely say that any work of Professor 
Rankine’s on a subject such as this cannot but be of 
great practical value. We have here simply to 
draw the attention of readers interested in machin- 
ery and millwork to its publication.—The Builder. 


ie Meratturey or Iron AND STEEL, THEORETI- 
CAL AND PRACTICAL, IN ALL ITS BRANCHES, 
WITH SPECIAL REFERENCE TO AMERICAN MATERIALS 


AND PROCESSES. By H. S. Ossporn, LL.D., Pro- 
fessor of Mining and Metallurgy in Lafayette Col- 
lege, Easton, Pa., with 230 engravings on wood and 
6folding plates. Philadelphia: Henry Carey Baird, 
1869. For sale by Van Nostrand, 23 Murray street, 
New York. 

This voluminous and extensively illustrated work 
is peculiarly valuable to American readers from the 
fact that the American practice is so largely de- 
scribed and illustrated. We have heretofore had 
no book on iron and steel, to any large extent drawn 
from home sources. While we can now confidently 
recommend this work to our iron makers, both sci- 
entific and practical, we must defer a more extended 
notice of it until another issue. 
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[]\RANSACTIONS OF THE INSTITUTION OF NAVAL 

Arcuitects. Vol. ix, 1868, 4to., plates. Pub- 
lished at the Institution Rooms, 9 Adelphi Terrace, 
London. 

This last volume is as good as its predecessors; 
perhaps, in one or two papers, better than some of 
the eight volumes before it. 

There is one rather formidable evil that besets 
the character of a large proportion of the papers 
brought to the annual meeting of this Institution. 
It is that they are too much hobbies, trotted out by 
their authors for very practical purposes, no doubt, 
but these having very often a basis in gold only, the 
papers are apt to be exaggerative or one-sided; and 
the politeness of discussions, in which, probably, 
friends manage to take a prominent part, do not 
always counteract too favorable statements, much 
less expose quackery. 

There are some papers to which this applies in 
this present volume—we will not risk the odium of 
specifying them; but, except in the case of two, we 
really do not see that any very decisive corrective 
was even attempted to be applied to statements 
which, left unchallenged, must lead people astray. 
There are nineteen papers altogether in the volume; 
the most ponderous—and, shall we say, puffy ?— 
being that upon the well-worn “turret and tripod 
systems," and that scientifically the most able and 
important, being the last in the volume, by Prof. 
Rankine, “On the waves which travel along with 
ships.’’ The doubts thrown upon Mr. Saxby’s 
magnetic methods of detecting internal defects in 
iron, seem to be strengthened by the fact that, after 
more thana year has since elapsed, we hear no more 
about it. M. Rochussen’s paper on the Treatment 
of Steel Plates is valuable and worthy of reference, 
notwithstanding that it contains (p. 8) one astonish- 
ing statement, viz: ‘ as the mere cost of melting 
crucible steel, both in England and Prussia, is £9 
per ton,” &c. We had supposed that M. Siemens 
undertakes to melt cast-steel in crucibles at a total 
cost of under £1 per ton. 

Were more and abler men of applied science to 
preside as chairmen at these meetings in place of 
ancient admirals and lords, the character of the 
papers would prove higher, and doubtful statements 
would be more effectually exposed.—The Practical 
Mechanic’s Journai. 


feevenvene Srupies, or Practicat 1n Contrast 
WITH CHIMERICAL Pursuits. Two popular lec- 

By H. Dircxs, C.E. Reprinted. Small 
Spon, London, 1869. For sale by Van Nos- 


tures. 
8vo. 
trand. 

In the first of the two of these popular lectures, 
Mr. Dircks returns to his first biographical love, 
and the subject of his previous larger and faithfully 
written biographies, viz: the ‘ Life of the Marquis 
of Worcester,” of 1865, and ‘‘ Worcesteriana,’’ of 
pleasant reading and contain some of the biographi- 
1866. These lectures, slight as they are, form very 
cal and historical cream of the larger life of the 
celebrated and wonderful marquis. 

It is peculiarly fitting at this time, when another 
ignorant and self-sufficient parliamentary onslaught 
has been just made again upon the patent laws, that 
we should draw attention to Mr. Dircks’ work first 
above given in title. Without venturing to affirm 
that we can agree in all the author’s views as to the 
rights and wrongs of inventors, we may say that his 
views are generally full of good sense and clear 
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thought, and that he individually and practically 
comprehends what he is writing about, when treat- 
ing of discovery, invention and the proper and im- 
proper bearings of the existing patent law upon 
these. Nothing can better show the real incapacity 
of such legislators, as the openers of the late debate 
on the abolition of the patent laws, to deal with the 
subject, than their confusion of thought as to any 
distinction between discovery and invention; a con- 
fusion, however, from which many inventors’ and 
patentees’ minds are not exempt, but which Mr. 
Dircks labors to clear away. We commend this 
volume to all interested in patent-law reform, which 
is urgently needed, and which should be initiated 
by an effective Royal commission of enquiry com- 
manded to hear ali pertinent evidence brought be- 
fore it, and not contrive merely to hear such as shall 
suit the foregone views of the commissioners, as 
before now has happened.— The Practical Mechan- 
te’s Journal. 


——— MINING, FULLY AND FAMILIARLY DE- 
SCRIBED. By George Rickard. Small 8vo. 
E. Wilson, Royal Exchange, London, 1869. 
sale by Van Nostrand. 

This little closely-printed volume, which is preg- 
nantly full of matter, does not belie its title; it is 
mining, limiting that to British metal-mining, fully 
and familiarly described, and by a man who ob- 
viously has had large experience. 

It is, no doubt, impossible to condense into a thin 
volume of this size, by any process of close type 
and narrow margins, the whole that can or ought to 
be said upon so large and so varied a subject, on 
which much more might be written in the same 
homely and sensible view as this is characterized by. 

But the information given is clear, good and 
practical, and we do not know a better elementary 
work to be put into the hands of a lad who has 
already mastered his schooling and is intended to 
become a miner; it will at least give him a good 
panoramic view of what he will be engaged in, and 
what sort of knowledge he must acquire to succeed 
as one of that specialized class of engineers called 
in Cornwall ‘‘ mine captains.’”’—Practical Mechan- 
ics’ Journal. 


~p" HavuprrugILeE DER Locomoriv-DamprMa- 
SCHINEN, &c. Bearbt. v. C. Scuepp, Civil- 
ingenieur, Heidelberg, 1869. 1 vol. 8vo. 

In the first part of this work the author clears 
the table, so to say, by a didactic and critical sur- 
vey of all the different classes and constructions of 
locomotives which have got into established use. 
In the second part he proceeds to construction 
rules, and deduces ab origine the proportions, &c., 
of all the important parts, including some of the 
most recent German modifications and improve- 
ments of valve gear. It is a very useful book, to 
the reader of German, for the purpose proposed by 
the author, “‘ self-study;’’ the best education that 
mechanic or any other adult man can ever receive— 
that which he gives himself; the only one that 
leaves no fortresses of ignorance in the rear, as all 
. ~anecaee often does, and as “cram” is sure 
to do. 


For 


Herr Schepp’s atlas of plates are excellent and 
clear engravings, and valuable to the practical 
locomotive builder, all the necessary dimensions 
being given in figures, and a special system of 
cross-lining, now commonly accepted in Germany, 
is adopted, by which the constructive material of 





every part is obvious to the eye without the aid of 
coloring.—Practical Mechanics Journal. 


ye or Screntiric Terms. By P. Ays. 
vin Nurratt, LL.D. Strahan & Co., 1869~ 
for sale by Van Nostrand. 

At a time when scientific and technical education 
is so much needed, the issue of a dictionary of 
terms in use in the practical sciences is timely, and 
cannot but be useful; more especially a good one, 
as this seems to be; although, no doubt, within the 
limits of it there are not a few omissions, Neyer. 
theless, great pains seem to have been taken to ren- 
der it as complete as possible, considering these 
limits. The work is preceded by a useful intro. 
duction to the classification and study of the 
sciences. 


ie Parnters’ Macazine. Cincinnati: J. Son- 
nendecker & Co., Publishers, 178 Elm street, 

An excellent monthly, containing instruction in 
the various styles and branches of puinting, and 
also information on the nature and composition of 
paints. 


NVENTORS AND INVENTIONS, ETC. In three parts: 
the Philosophy of Invention; the Rights and 
Wrongs of Inventors; and Early Inventors’ Inven- 
tories of Secret Inventions. By H. Dircks, C.E. 
8vo. Spon, London 1867. For sale by Van Nos- 


trand. 
MISCELLANEOUS. 


om Iron witH Guiass.—Among the most 
interesting and beautiful processes of Birming- 
ham industry must certainly be reckoned that of 
enameling iron with glass, by the patented method 
of Charles Henry Paris, of France, which was first 
introduced into this country, a. p. 1850, by Messrs. 
Selby and Johns, in conjunction with P. F. Grif- 
fiths and Co. The enamel is a hard siliceous glaze 
or covering, formed upon surfaces of wrouglit or 
cast iron, so as effectually to prevent any oxidation 
of the metal. According to a well-informed Bir- 
mingham manufacturer it transpires that sea-water, 
salts, and acids, produce no effect upon it. The 
process was first applied to the coating of culinary 
articles, such as saucepans, frying-pans, baking 
dishes, &c. It is now applied to wash-hand basins, 
meat dishes, tea-cups and saucers, dinner plates, 
&c. These articles, owing to their cleanliness and 
durability, command a large sale in this country. 
By far the greater part, however, are manufactured 
for use on board ship, or for the foreign or colonial 
market. A fall or blow may cause the enamel to 
chip, but the articles themselves are practically in- 
destructible—a most important consideration where 
the replacement or breakage is difficult or expensive. 
Pipes for gas and water service have by this process 
been enameled to some considerable extent. Upon 
the introduction of this enameled ware it was usual 
to coat the articles of a grey color, and owing to 
their dull appearance the demand for them was 
somewhat circumscribed. Shortly after the white 
enamel was introduced with success, as being purer 
and cleaner in appearance. The printing of the 
enameled ware succeeded, and soon after Mr. Ben- 
jamin Baugh extended considerably the production 
by introducing enameled iron for door numbers, 
wagon plates, insurance plates, mill plates, sign, 
street, and index plates, show cards, door plates, 
station name plates, gradient plates, &c. By 4 
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later improvement elaborate designs are transferred 
in enameled colors to the surface of the plates, and 
subsequently burnt in a furnace, thus rendering 
them proof against atmospheric influence. Finger 
plates for doors have been manufactured on this 
principle with marked success, classic figures hav- 
ing been introduced, or sacred imagery, well ac- 
cording with the Serrure de Tabernacle. Another 
feature in the recent improvements is the imitation 
of engraved zinc plates with remarkable exactness. 
Enamel has been applied also with marked success 
to corrugated iron sheets for roofing and small 
buildings (a chef d’euvre of Wolverhampton pro- 
duct), a purpose to which its capability of resisting 
the action of the atmosphere adapts it to a remarka- 
ble degree. There is little doubt that much greater 
extension of this and kindred branches of industry 
is in store.—Cor. Engineer. 


| sw ne Traction —A correspondent of 
‘“‘ Engineering ” says of the bicycle: 

Merely looked on as a graceful scientific toy, I 
think the instrument worthy of consideration, and 
am sanguine of its being made use of for purposes 
of travel. If you will grant me the space, I would 
ask your insertion of the following data from Mo- 
rin’s experiments on traction, and Weisbach’s 
calculations of the work performed by a man 
walking, and by comparison find the economy in 
bicycle riding. 

Extracts from Morin’s experiments on traction 
on roads, as reported in *‘ Redtenbacher’s Result- 
ate,” viz : two-wheeled carts, having wheels 64 in. 
and 78 in. respectively, in diameter, and axles 24 
in. diameter, with tyres 4 in. and 5 in. wide : 

For 64in. For 78 in. 
wheels. wheels. 
1 1 


On very good macadam.... => 5-8 
1 


On good paved road........ 


66. 
1 
86.3 
oe 1 
Parisian paved roads ......- 79.9 029 

Telford’s older experiments gave 7 on paved 
roads, and 1, on macadam; also, I believe, with 
common laden wagons without springs. 

Now for the other side of the question: Weis- 
bach, in his ‘‘ Ingenieur and Maschinen Mecha- 
nik,” latest edition, 1865, second volume, page 
328, computes the work done in walking un a level 
road to be equal to the weight of the person mul- 
tiplied by Ath of the speed per minute. 

Now, if we suppose a man to weigh 140 lbs., and 
to walk at the rate of 3 miles per hour, we should 
have, by Weisbach’s rule, 140X264—3080 foot- 
pounds per minute as the work done by walking. 

I compute the traction for a bicycle to be at the 
very outside ~1,th when going about 10 miles per 
hour; for, as a carriage, the velocipede is nearly 
perfection, and is fitted with aspring, Taking the 
weight of man and machine together as 210 Ibs., 
and traction at oth, we should get for the speed 
of velocipede, when the rider worked up to the 
same power as when on foot, 2°89—1026.66 ft. 
per minute, or about 11.6 miles per hour. 

I think Weisbach’s estimate of walking to be 
too high, and my own of the traction for a bicycle 
to be too high also. If we thus estimate walking 
to be equal to 1820 foot-pounds, and ;traction at 


107.9 
1 





rooth, we get a speed of 10.3 miles per hour for 
the velocipede. It must, however, be remembered 
that it takes months of practice to fully acquire 
the use of a ‘‘ two-wheeled horse.” 
joaL Propuct or Great Britain.—The pro- 
duction of coal in Great Britain was, in 1867, 
according to the returns given in the * Mineral 
Statistics,’’ 104,500,480 tons. In 1868, according 
to the returns of the Inspectors of Coal Mines, the 
quantity was 104,566,959 tons. Of this the exports, 
according to the returns of the Board of Trade, 
were as follows : 





Name of Country. Quantity. | Declared Value. 





Tons. £ 
306, 103 
162,971 


Russia ..cceccscceceeeess 
Sweden... 


Spain and Canaries...... 
ltaly—Sardinia 

United States 

Brazil 


3 203 
3, 752, 355 1,957, 726 


5,355, 791 





10, 837,513 











A return showing the quantity of coal raised in 
and about the coal mines of Great Britain; the 
number of fatal accidents and lives lost by the ac- 
cidents, in the year 1868. 





dents. 


acc 


Separate 


Names of Districts. Quantity of 


coal raised 


it 


Lives lost 


Number of 
Collieries, 
fatal 
by the 
jaccidents. 





Northumberland, Cumber- | 
land, and N. Durham... 175 
South Durham............. 
North and East Lancashire. 
W. Lancashire & N. Wales 
Yorkshire 
Derby, Nottingham, Leices- 
ter, and Warwickshire... 
North Stafford, Cheshire, 


171 
293 
208 
459 
195 
225 
550 


230 
329 


Somerset & Devonshire } 
South Wales.,......00.. 


Totals: England & Wales 





9,000, 000 
89, 857, 000 


8, 456, 084 
6, 253, 875 











sl8l=2 22 e ehase 


254 
203 


457 


West Scotland.........++. 
Totals: Scotland..,..... 


Totals: England, Wales 
and Scotland 


= 
°o 





14,709, 959 83 





3,291 |104, 566, 959 1,011 

















Cement For Learner is made by mixing ten 

parts of sulphide of carbon with one of oil of 
turpentine, and then adding enough gutta-percha 
to make a tough thickly flowing liquid. One 
essential pre-requisite to a thorough union of the 
parts consists in freedom of the surfaces to be 
joined from grease. This may be accomplished by 
laying a cloth upon them and applying a hot iron 
for a time. The cement is then applied to both 
pieces, the surfaces brought in contact, and pressure 
applied until the joint is dry. 
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_—— MacuineE Toots.—Mr. John Woolfield, 
of the Liverpool Works, Soho, who has recently 
commenced the manufacture of all kinds of machine 
tools, is introducing some improvements of his own 
design in connection with lathes. All lathes, up to 
fifteen inch centers, he fits with hardened steel, 
conical spindles and bearings. The slide-rest sad- 
dle and center-head he fits with steel screws and 
nut-boxes. In planing machines the advantage of 
this arrangement is especially obvious, yet it is fre- 
quently ignored by makers of first-class repute.— 
The saddle-slides are so constructed as to protect 
the screw that moves them from injury or dirt. 
The surfacing motion is new, good and inexpensive. 
A reference to the processes of lathe making will 
afford some idea of the extreme care required to 
produce an excellent article. The first process is 
the boring of the head. Simultaneously, with this 
operation, the smith forges the spindles and bushes. 
This is a very difficult matter. First-rate smiths 
are not always able to produce a sound lathe spindle. 
The iron is tirst forged into the required shape, and 
a piece of double shear steel is welded round it to 
form the neck or bearing. Should this not be per- 
fectly sound, it is pretty sure to ‘‘ fly’’ in hardening. 
The bushes are steel cylinders, forged of double 
shear steel, and lapped with the best iron. The 
welding here is required to be done perfectly.— 
When these steel bushes are annealed they go to 
the turner, and turned parallel outside. Then they 
are subjected to a red heat, and suddenly immersed 
in running water; and should the slightest flaw oc- 
cur in the weld, they crack and have to be thrown 
aside as wasters. If all goes well they are driven 
into the headstock bored to receive them, and are 
lapped true and clear, or, in other words, polished 
by means of a lead lap running at a remarkable 
speed. The spindle is annealed, then turned, heated 
to nearly a white heat, and plunged into a stream 
of water icy-cold. This is a severe trial of the 
smith’s work. The next process is that of polishing. 
This is effected by placing it in a lathe and causing 
it to revolve slowly, an emery wheel running at con- 
siderable velocity in a contrary direction, until it is 
highly polished. Thus the spindle isa perfect ‘“‘fit”’ 
when put into the bearings. The slide-rest and 
saddle are planed perfectly true, and then scraped 
and smoothed until the various parts, when put 
tightly together, will slide freely upon each other, 
a process requiring great care, skill and attention. 
Caution is especially required in planing slide-rests, 
beds, &c., lest they should spring when being fast- 
ened upon the planing machine. Long lathe beds 
require especial care. The saddle and bed both 
require to be scraped true, until they slide freely 
along the bed from end to end. Great care and 
nicety of finish is requisite for the leading screw.— 
In the construction of drilling machines, steel spin- 
dles are now superseding those of iron, the latter 
being liable to bend when subjected to a sudden 
jerk. Mr. Woolfield has recently patented a cor- 
rugating machine, which is estimated to perform 
ten times the work of the ordinary press, without 
subjecting the metal to undue strains. There can 
be no doubt about the glaring imperfections of the 
ordinary process, both in regard to economy and 
excellence of workmanship —Cor. Engineer. 

We would recommend the correspondent of the 
‘¢ Engineer ” to visit the Philadelphia tool-building 
shops. Much of this practice is old, and the use of 





iron spindles is all out of date.—Ed. V. N. M. 


| gee ney the large number of gasholders 
in and near London, the greater proportion 
were made in the neighborhood of Birmingham, 
The largest gasholder in existence, that of 280 ft. 
diameter and 3,000,000 cubic feet capacity, at the 
Fulham station of the Imperial Gaslight Company, 
was made by Messrs. Westwood & Wright, of 
Dudley, the cast-iron work having been turned 
out by the Stavely Company. 

Of the makers still nearer Birmingham, Messrs, 

Thomas Piggott & Sons, and Messrs. Hortons’ 
gasholders are well known to probably nearly all 
the gas engineers in the kingdom. The last named 
firm have lately secured the contract for a large 
holder at the Western Gasworks, London, while 
Messrs. Piggotts are engaged upon one of 150 ft, 
diameter for Preston. Their largest holder was 
one, we believe, put up in Belfast, and 180 ft, in 
diameter. 
- The hydraulic punching and riveting machinery 
at Messrs. Piggotts’ is extremely effective. Iu the 
rectangular plates any number of holes up to, we 
believe, 154, are punched at a single blow, and to 
the exact pitch. Originally the piston withina 
vertical steam cylinder of about 4 ft. diameter, 
and worked with 50 lbs. steam, had a rod or hy- 
draulic plunger of 4 or 5 in. diameter, which was 
driven home with a force of perhaps 40 tons, equal 
to at least 2 tons per inch, forcing water equai to 
its own solid contents into an accumulator, from 
which it was let on, as required, to a pair of verti- 
cal 9 in. rams, placed over the bed of the punch- 
ing machine. These drove down the punching 
head, carrying the punches, which were turned 
with shanks of a diameter equal to the intended 
pitch, and secured in rows, and with their shanks 
in contact, in grooves properly formed around the 
punching head. Each alternate punch was made 
#ths inch longer than its neighbor on either side, 
so that although a single blow sent all the punches 
through the plate with a single report like that of 
a pistol, but one-half of the punches actually went 
through at once. The work thus done was exact, 
indeed perfection. Instead of the large steam 
cylinder, a pair of rotative pumping engines are 
now employed, the working pressure being 35,cwt. 
to 2 tons per square inch. 

The hydraulic riveting is performed also by hy- 
draulic pressure, at an average rate of thirty rivets 
per minute, the rate often rising, for a short time, 
to one per second. 

Nothing would more nearly perfect the working 
of gasholder plates than the contrivance of a ma- 
chine, if that be possible, for taking out the 
“buckles.” This operation has now to be per- 
formed by hand, and it requires no small skill to 
effect it properly.— Engineering. 


es Tunes for water or gas are now made 
in England by turning off one end conically, and 
boring out the ends of the tubes to which it is to be 
fitted at the same angle, so that the end of one tube 
may be inserted into the other without the addition 
of the ordinary cement. The junction is effected 
very quickly, and the joint is perfectly tight. Pipes 
thirty-six inches in diameter have been perfectly 
joined in this way. Liverpool has about ninety 
miles of gas-pipe with this joint, and the leakage 1s 
said to be much less than in other cities. 


_s- Pires are much used in Paris for round- 
ing slight curves. 
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